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PREFACE 



TO THE FOURTH EDITION. 



During the seven years which have elapsed since 
the publication of the third edition of this work, 
considerable advances have been made in the prac- 
tical part of Medical Chemistry. 

The Editor has endeavored to represent these 
as fully as is consistent with the concise and simple 
character which constitutes one of the great merits 
of Bowman's "Handbook," always remembering 
that the processes described should be such as can 
be carried out by the medical student, with the 
resources of the medical school and the hospital. 

In the chapters on the Analysis of Urine, where 
the greatest services are rendered by chemistry to 
clinical medicine, processes have been introduced 
for the quantitative determination of kreatinine 
and of ammonia, and the methods of determining 
them have been carefully revised at the laboratory 
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table. The application of the volumetric principle 
to the analysis of urine has been extended as far 
as it appears to be safe, since the rapidity with 
which volumetric determinations may be executed, 
with great relative accuracy, and without demand- 
ing great skill on the part of the analyst, recom- 
mends this method strongly to the attention of the 
medical practitioner. 

Short practical directions for the examination of 
the solid excrements, of bile, and of the liquids of 
muscular flesh have been added ; but chyle, lymph, 
&c. have been omitted, as not generally obtainable 
for analysis. 

Much improvement remains to be made in the 
difficult examination of mixed fluids for the proxi- 
mate constituents of animal bodies, through the 
recent researches of English and Continental che- 
mists have enabled the editor to make some addi- 
tions, which, it is hoped, will prove useful. 

Since the examination for poisons in organic 
mixtures is comparatively seldom undertaken, 
except by the professional chemist, the additions 
which have been made to that part of the work 
presuppose considerable familiarity with chemical 
manipulations ; though it has not been forgotten 
that, for the purposes of a judicial inquiry, the 
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medical man often requires a knowledge of the 
best processes for the detection of poison, though 
not desiring to carry them out himself. 

Believing that the revival of the electrolytic 
method for the detection of metallic poisons will 
give greater confidence in chemico-legal investiga- 
tions, the editor has fully described its application. 

Short chapters have been added upon the detec- 
tion of strychnia, nicotia, phosphorus, and alcohol, 
in organic mixtures. 

The general systematic course for the detection 
of poisons in organic mixtures has been tested by 
mixing minute quantities of the poisonous sub- 
stances to which it refers with articles of food, and 
proving that the directions given would certainly 
lead to their detection. 

The concluding chapter contains some concise 
directions for the application of the elegant pro- 
cess of dialysis, introduced by Professor Graham, 
to the separation of poisons from organic mixtures. 



King's College, London, 
October, 1862. 



PREFACE 



TO THE THIRD EDITION. 



The rapid sale of two large editions of this little 
work encourages me to hope that I was not alto- 
gether unsuccessful in supplying a deficiency in 
medical literature which has been long felt by a 
large body of the Profession, as well as in furnish- 
ing a plain and trustworthy text-book for the 
Medical Student. 

In the present edition I have endeavored, with- 
out materially adding to it, to embody all the 
recent discoveries in Medical Chemistry which have 
been announced up to the present time, and thus 
to keep pace with the rapid advance which is every 
year being made in this most important branch of 
medical science. 

JOHN E. BOWMAN. 

King's College, London, 
January, 1855. 



PREFACE 



TO THE FIRST EDITION. 



The want which, as a teacher of Practical Che- 
mistry in a Medical School, I have long felt, of a 
small manual containing instructions for the exa- 
mination and analysis of urine, blood, and a few 
other of the more important animal products, both 
healthy and morbid, and comprising also directions 
for the detection of poisons in organic mixtures 
and in the tissues, was my chief inducement in 
undertaking to write the present little work. 

In doing this, my endeavor has been to supply a 
book that will be found useful, not only to the 
Medical Student, but also to the Practitioner, to 
whom the value and importance of the applications 
of modern chemistry and microscopic analysis to 
his art are becoming daily more and more apparent. 

The writers to whom I have been chiefly indebted 
are Drs. Golding Bird, Owen Kees, Day, Franz 
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Simon, Vogel, and Donne. My warm acknowledg- 
ments are also due to my friend and colleague, 
Professor Miller, who, in addition to much other 
valuable assistance, kindly undertook to revise the 
proof-sheets during their passage through the 
press. 

J. E. BOWMAN. 

King's College, London, 
April, 1850. 
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MEDICAL 

CHEMISTEY. 



PART I. 



CHAPTER I. 
HEALTHY URINE 



SECTION I. 

1. Healthy human urine is an amber-colored, watery 
fluid, holding in solution a great variety of substances, 
both organic and inorganic, and containing also in sus- 
pension a small quantity of mucus, derived from the 
bladder and urinary passages. The specific gravity 
(278) of the healthy secretion may be said to vary from 
1003 to 1030, depending on the amount of solid and 
liquid food taken, the period of the day at which the 
urine is passed, and other circumstances which tend to 
increase or diminish the proportion of solid matter con- 
tained in it. Thus the urine which is passed shortly 
after drinking much water or other fluid, commonly 
called urina potus^ is usually pale in color, and of low 
specific gravity, varying from 1003 to 1009 ; while, on 
the other hand, that which is secreted soon after the 
digestion of a full meal, commonly called urina chyli^ 
has most commonly a high specific gravity, frequently 
1030 ; the urine which is passed immediately after a 
night's rest, called urina sanguinis^ may generally be 
considered to furnish a fair specimen of the average 
3 
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density of the whole nriDe, and will in most eases be 
found to have a specific gravity varying from 1015 to 
1025. The average density of the whole urine passed 
by an individual in the twenty-fours hours is usually from 
1015 to 1020 ; and the quantity passed during the same 
period varies from twenty to forty-eight or fifty ounces, 
holding in solution usually from 600 to 700 grains of 
solid matter (279). 

2. While warm, urine has a slightly aromatic smell, 
which is not perceptible after cooling. It is usually 
slightly acid to test-paper, from the presence of acid 
phosphate of soda (NaO,2HO,PO,) but the experiments 
of Dr. Bence Jones show that when passed shortly after 
eating, the urine is often neutral, or even alkaline, be- 
coming again gradually more and more acid, up to the 
time when the next meal is taken. When kept for some 
little time, it first becomes a little more acid (apparently 
from the formation of little lactic and acetic acids), and 
deposits of a few crystals of uric acid entangled in the 
cloudy deposit of mucus ; but after a longer period it 
putrefies, becoming alkaline and ammoniacal, and de- 
posits a sediment of earthy phosphates, previously held 
in solution by the free acid (43). If the urine be kept 
for a still longer time, it becomes more and more con- 
centrated by spontaneous evaporation, deposits minute 
crystals of chloride of sodium, phosphates, and other 
salts, and eventually becomes covered with a grayish- 
colored mould, containing minute fungi and animalcules. 

8. Although chemists have not yet succeeded in insu- 
lating for examination all the ingredients of urine, nor 
even in ascertaining the general nature and character of 
several of the compounds which probably enter into its 
composition, still they have, by their researches, deter- 
mined what appear to be the most important of its con- 
stituents ; and it is to these only that the student need 
turn his attention, leaving the more problematical and 
obscure parts of the subject to be decided by the future 
labors of the physiological chemist. 

4. The solid matters of the urine may be said to con- 
sist of the following — viz., Urea; uric acid; hippuric add; 
krealinine; grape sugar ; vesical mitciLS, and epithelial debris ; 
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animal exlraclive ; ammoniacal salts ; fixed alkaline salts; 
and earthy salts.* 

6. The student will do well to test a little of the healthy 
secretion, which should, for this purpose, be that passed 
immediately after a night's rest (1), for these several sub- 
BtaLDces, in the manner described under each, in the fol- 
lowing sections; and if he has leisure and opportunity, 
he may prepare s|)ecimens of urea, uric and hippurio 
acids, and some of the other constituents. 



Urea (C,H.N„0,). 

6. This important ingredient of the urine, which ap- 
pears to be the vehicle by which nearly the whole of the 
nitrogen of the exhitusted tissues of the boity is removed 
from the system, is a solid crystaUine substance, colorless 
when in a state of purity, and easily separated from the 
other matters with which it is associated. 

7. The presence of urea in the urine may be readily 

shown by concentrating a little of the secretion to about 
one-half or one-third its bulk, and mixing it with an 
equal quantity of pure nitric acid ; when delicate crys- 
talline rhomboidal plates of impure nitrate of urea {Gfl^ 
NjO„H0,NO,) will be found gradually to separate from 
the liquid (16). 

8. Pure urea may be obtained from the nitrate thus 
separaifid. For this purpose, about a pint of urine, 
filtered from the mucus as soon as possible (11), is eva- 
porated, at a heat below its boiling point, to two or three 
ounces; when cool, the concentrated urine is decanted 
from the deposited salts, and mixed with an equal bulk 
of colorless nitric acid (ap. gr. 1'25). After standing for 
some time, the pasty mass of nitrate of urea is pressed, to 
free it from the adhering liquid, dissolved in a little boiling 
wat«r, and allowed to crystallize. The pure crystals are 
again dissolved in hot water, and finely powdered car- 
bonate of baryta is added in small portions, as long as 

& minnte qaantitj of 
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any efifervescence is perceptible. The nitric acid has 
now combined with the baryta, whilst the carbonic acid, 
being incapable of combining with the urea, makes its 
escape. 

Kitrate of area. Garb, baryta. Uroa. Nitrate baryta. 



CjH^NjO^HOjNOg + BaOjCOa = CgH^NjO, + Ba0,N05 + HO +C0,. 

The excess of carbonate of baryta is separated by 
filtration, and the clear liquid evaporated to dryness on 
the water- bath. The dry residue of urea and nitrate of 
baryta is boiled with a little alcohol, which dissolves only 
the urea, and, when decanted off and evaporated, deposits 
it in prismatic crystals resembling nitre, which may be 
purified, if necessary, by dissolving in water, decolor- 
izing with animal charcoal, and evaporating the filtered 
solution. 

9. The crystals of urea, which, when obtained by slow 
evaporation, are four-sided prisms, and deliquesce slightly 
in air, are soluble in about their own weight of cold 
water, and in a much smaller quantity of hot; from 
which latter the urea separates, on cooling, in the form 
of beautiful silky needles. It is soluble in about 4*5 
parts of cold alcohol, and in less than half that quantity 
of hot ; in cold ether it is nearly insoluble. Its taste is 
saline and cooling, somewhat resembling that of nitre. 

10. The proportion of urea present in healthy urine 
appears to vary from twelve to upwards of thirty parts 
in 1000, about fourteen or fifteen being the average. 

11. An aqueous solution of urea may be kept, pro- 
vided it is pure and tolerably concentrated, for a con- 
siderable length of time, without undergoing chemical 
change ; but if any albumen or mucus, or other ferment- 
escible matter, is present, decomposition rapidly sets in, 
and in a short time the whole of the urea becomes 
transformed into carbonate of ammonia {NRfi^GO^, the 
elements of water being at the same time assimilated. 

In urine, this change speedily takes place, owing to the 
presence of mucus ; the secretion thus acquiring, especially 
in warm weather, an alkaline reaction in the course of a 
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few lioura after being passed. Under tlie irifluetiee of 
the caustic alkalies, also, urea becomes gradually con- 
verted into carbonic acid and ammonia. 

12. "When heated on platinum foil to about 250°, urea 
fuses without undergoing deconi posit! on ; but if the heat 
be increased much beyond that point, it is decomposcil 
into ammonia (NHj) and carbonate of ammonia (NH,0, 
CO^, which volatilize, ieaviug a residue consisting cliicfiy 
of melanuric acid (CbH^NP,). 

13. Urea, though its solution is neutral to test-paper, 
has decidedly basic charaeters, combining with acids tn 
form salts, some of which are crystiiliine. Of these, the 
two which are of the most pramical importance are the 
oxalate (C.n^Np^HO.OPj) and the nitrate (C,n,N,0„ 
HO.NO,), which on account of their sparing solubility 
in water, supply a ready means of separating urea from 
the other matters coexisting in the urine. 

14. Oxalate of urea (C3H:,NjjO^HO,0,O3)» may be pre- 
pared by concentrating urine on a water-bath Co about 
one-eighth its bulli|aiitl filtering tfarougii muslin, in order 
to separate the insoluble sediment of phosphates and 
urates, which are generally deposited during the evapora- 
tion. The liquid thus clarified is mixed with about an 
equal bulk of a strong solution of oxalic acid in hot 
water, or the solid acid in powder may be acided as long 
as the liquid, heated to about 1!I0° or 200°, continues to 
dissolve it. The mixture, on cooling, deposits an abun- 
dant crop of crystals of oxalate of urea, mixed with a 
little of the excess of oxalic acid, and colored brown by 
ibe adhering impurities. The crystals are then gently 
pressed between folds of filtering paper, washed with a 
email quantity of ice-cold water, and purified by re- 
erystalliziition; the laat traces of coloring matter being 
removed, if necessary, by boiling the solution with puri- 
fied animal charcoal.f 



t AnimiU olmrcnal in pnrified rrom the pliO!4p)iate and asrbnnnte of 
lima by rBpaatedly boiling it with hjdroohlorio auid, till tho acid 
liqiiH Is not predpltatHd liy ammonin ; the cli.trcoal must tlmn Liti 
washed wiUi vFaUr till the l.ittar in no lungeT atiil. 
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'''b- !• 15. The oxalate thua obtaiDed is 

colorless, and in the form of tabular 
or prismatic crystals (Fig. 1), which 
are readily soluble in hot water, but 
only sparingly so in cold, twenty- 
five parts of which dissolve not more 
than one part of the salt. 

The oxalate of urea obtained from 
urine may be employed to furnish 
pure urea, by dissolving it in hot 
water, and adding powdered chalk as long as it causes 
eftervescence. The insoluble oxalate of lime is then 
filtered off", and the solution of urea evaporated on a 
water-bath to crystallization. 




Fig. 3. 



CjH,NjO„HO,C,0, + CaO.CO, = CaO,C,0,4- C,HjN,0, + H0+ COy 

16. iWimteo/ urea (C,H^N,0,,HO,NOj) may be obtained 
by adding strong, colorless nitric acid, free from nitrous 
acid, to_ urine previously concentrated by evaporation to 
about one-third its bulk ; the nitrate gradually separates 
in irregular rhomboidal plates 
(Fig. 2), more orJess colored and 
modified iu form by the impuri- 
ties present. The crystals are 
washed with a little ice-cold water, 
then pressed between folds of 
filtering paper, and redissolved in 
lukewarm water; lastly, they are 
purified by reerystallization, and, 
if necessary, the last traces of 
coloring matter may be removed 
by boiling the solution with puri- 
fied animal charcoal. 

The absence of nitrous acid in 
the nitric acid employed for pre- 
cipitating the urea is insisted on 
because this substance is imme- 
diately decomposed by nitrous acid, with violent efi'er- 
!, from escape of carbonic acid and nitrogen. 
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CjH,NjOj+aHOj=2CO,+N,+4HO. 

Even with colorless nitric aciJ, a alight effervescence 
always takes place, since a little nitrous acid is formed 
bj the action of urinary coloring matter upon the nitric 
acid. 

17. Nitrate of urea is soluble in ahout eight times its 
weight of cold water, and in a much smaller quantity of 
hot. It is tolerably soluble also in alcohol, especially 
when warm ; but almost insoluble in ether. 

18, The formation of this crystalline compound on the 
additioa of nitric acid, is one of the most distinctive tests 
for the presence of urea which we possess. The experi- 
ment is made easily, and with great delicacy, under the 
microscope, by concentrating a drop or two of urine on 
a glass slide, and adding to it about an equal quantity of 
pure nitric acid; the nitrate will gradually crystallize in 
delicate rhomboidal plates (Fig. 2), the number and 
abundance of which will furnish some indication of the 
quantity of urea present in the secretion (181). 



SECTION III. 
Uric (or Lilhie) Acid (G,^,N,0„=2B0,G,^H,N^0,). 

19. Uric acid, though usually present only in small 
quantity in human urine, appears to be one of the roost 
important of its ingredients; and as the proportion varies 
considerably in many forms of disease, its determination, 
when in abnormal quantity, frequently aftbrda much 
valuable assistance to the physician in diagnosis. The 
proportion present in the healthy secretion appears to 
vary from 0'3 to nearly I'O in 1000 parts, about 0-4 being 
the usual average. It probably exists, for the most part, 
in combination with alkalies, since, when uncombined, it 
requires nearly 15,000 times its weight of cold water to 
dissolve it, while the alkaline urates are considerably 
more soluble (22.) 

20, Uric acid may be obtained by adding to urine, pre- 
viously concentrated to about half its bulk, a few drops 
of hydrochloric acid {IICI), aud allowing the mixture to 
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stand for a few hours in a cool place * Minute reddish 
crystals of the acid gradually appear, having the forma 
shown in Fig. 8, stained with the coloring matters co-ex- 
isting in the urine. These crystals may then be dissolved 

in moderately dilute potash, and 
Fig* 3. from the solution thus obtained the 

pure acid may be again precipitated 
in a crystalline and colorless state, 
by supersaturating it with hydro- 
chloric acid. 

21. The crystalline forms in which 
^ uric acid is presented to us are very 

'irr^ crx ^^ various (186), but they all appear to 
^^ be modifications of the rhombic 

Uric Acid. prism. Most of these crystals, when 

examined with the polarizing micro- 
scope, develop very beautiful colors; and their forms are 
frequently characteristic, and indicative of the peculiar cir- 
cumstances under which they may have been deposited. 

22. Uric acid requires, according to Liebig, about 
15,000 times its weight of cold, and nearly 2000 times 
its weight of hot water to dissolve it, forming, in the 
latter a solution which is feebly acid to test-paper. It 
is insoluble in alcohol, and nearly so in dilute hydro- 
chloric and sulphuric acids; it dissolves in the latter acid 
when concentrated, and is reprecipitated on the addition 
of water. It combines with bases, especially the alkalies 
and alkaline earths, forming salts (urates), which are for 
the most part insoluble, or very sparingly soluble in 
water. Of these the most soluble is the urate of potash 
(2KO,C,oH2N404), which dissolves in about 35 times its 
weight of hot water. On this account, uric acid dissolves 
with comparative facility in a dilute solution of potash. 
Urate of soda {2^8iOfiiQH.c^ fi^) requires for its solution 
124 times its weight of hot water; and urate of ammonia 
{NRfi.ROfi^^Jl^Nfi,) 248 times its weight of hot, and 
about 1720 of cold water, to eflect its solution. The 
presence of a small quantity of chloride of sodium, such 

* Even without previous couceutration, urine will generally deposit 
crystals of urio acid, if mixed with a little hydrochloric acid and set 
aside. 
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as is contained in the urine, renders water capable of 
dissolving nearly twice as much urate of ammonia as is 
taken up by pure water* 

23. The aotion of nitric acid (ffO,.VO,) upon uric acid 
is highly characteristic, and furnishes, perhaps, the most 
delicate test of its presence which we poasasa. If a little 
of the acid, in the state of powder, is placed in a drop or 
two of tolerably strong nitric acid, in a watch glass or 
on a strip of glass, it will gradually dissolve: carbonic 
acid (COj) and nitrogen being given off with efferves- 
cence, and leaving behind a mixture of alloxanf (Cj/?, 
A^0„), alloxantine {C^H^Nfi^^, urea, and some other 
compounds. This may then be evaporated nearly to 
dryness at a gentle heat, when a red residue will be left, 
which, when cold, should be moistened by a drop or two 
of ammonia, or exposed to ammoniacul fumes, which will 
develop a beautiful purplish red color, owing to the for- 
mation of murexide {O^^H'^N'fig). If the mass be now 
moistenetl with solution of potash, a very beautiful purple 
color will be produced. The potash may be applied at 
once to the residue left after evaporating the nitric acid, 
and is a far more delicate and characlerialio teat than the 
ammonia. The same effect is produced when urate of 
ammonia, or any other urate, is similarly treated, 

24. When heated before the blowpipe, uric acid is 
decomposed, emitting a disagreeable smell, resembling 
that of burnt feathers, mixed with that of hydrocyanic 
acid, which, together with carbonate of ammonia and 
some other compounds, is formed during the decompo- 
sition. 

SECTION IV, 
Hippuric Acid (HO,C.JI,NO,) . 

25. A small quantity of hippuric acid appears to I 
generally present in healthy urine, and in certnin f 
of di.sease, especially in cases where a vegetable diet 1 

* LitUis forma ona of the moat soluble urates. Schilling has shoirn 
that tbe acid urate of litliia (LiO,UO,C,oH,N.O,) dissolvus iu 39 parla 
of boiling water, and 3118 parts of cold water. Tha ueatral urute 
woald be Htill more soluble. 

t Alloxan has beeu found hj Liebig, on 
from tlte iiiteatiiii;^. 
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been adopted, the quantity is found to increase consider- 
ably."* In jaundice according, to Kiihne, hippurio acid 
is entirely absent from the urine, even after the adminis- 
tration of benzoic acid, which is converted, in the normal 
state of the system, into hippuric acid. 

26. Hippuric acid may be prepared from fresh human 
urine, or still more readily from the urine of the herbivora, 
which usually contains it in much larger quantity than 
the human secretion. The urine is first evaporated at a 
gentle heat until it has the consistence of a syrup ; it is 
then, after cooling, supersaturated with hydrochloric acid, 
which will dissolve the earthy salts, and cause after a 
time a crystalline precipitate of impure hippuric acid 
mixed with uric acid, coloring matters, and other sub- 
stances, which give a more or less dark brown or reddish 
color. The precipitate is then dissolved in a small 
quantity of hot water, from which it again crystallizes 
on cooling. To obtain the pure acid, these crystals may 
be boiled with hydrate of lime and water, the solution 
of hippurate of lime (CaOjCjgHgNO,), filtered and mixed 
with excess of hydrochloric acid, which precipitates the 
hippuric acid, in the form of minute tufts of needle-shaped 
crystals (Fig. 4, a and V) ; these may be again dissolved in 
hot water, and allowed to cool gradually, when beautiful 
crystals (four-sided prisms) will be obtained of consider- 
able length, but so friable as to fall into powder under 
the slightest pressure. A more minute examination for 
hippuric acid in human urine may be made by evapo- 
rating eight or ten ounces of urine to a syrup, acidulating 
with hydrochloric acid, and agitating with about an 
equal volume of ether, the separation of which is after- 
wards promoted by adding a little alcohol. If the solution 

* AccordiDg to Liicke, hippuric acid is often entirely absent from 
the urine of persons living upon a mixed diet, and can only be detected 
when the food is composed chiefly of vegetables. It is said to increase 
in fever, in chorea, and in diabetes. Dr. Bence Jones has recently 
determined the hippuric acid in the urine of two healthy men living 
upon a mixed diet. A large number of experiments led to the mean 
result that, in one case, the urine of 24 hours (1*26 pint) contained 
4-96 grs. of hippuric acid, and in the other (2*37 pints) 6*5 grs., the 
quantities of uric acid passed in the same time being, respectively, 
4*74 and 11*6 grs. 



ID ether be evaporated, and the residue boiled wiili _a 
little water, the hippuric acid will be dissolved, and de- 
■ 1 cryatals, when the solution is allowed to stand. 




27. Hippuric acid is very sparingly soluble in cold 
water, requiring about 400 times its weight to dissolve 
it; in hot water, however, it is readily soluble, and, on 
cooling, crystallizes in beautiTul silky tufts. It is very 
soluble in alcohol, but very slightly in ether.* 

28. When mixed with uric acid, it may be separated 
from tbat substance by treating the mixture either with 
hot water or alcohol, in both of which uric acid is io- 
Bolubte or nearly so (22). It may be distinguished from 
uric acid also, by its giving no purple color when tested 
with nitric acid and ammonia (2'd), and by its difterent 
cryBtalline form (26, 29, 186). 

29. When an alcoholic solution of hippuric acid is 
allowed to evaporate slowly, the crystalline residue which 
is left baa usually some such appearance as that shown 
in Figure 4, c. When deposited from a hot aqueous 
solution, the crystals have more the appearance shown 
at d in the figure. 

30. When heated in a tube, it is converted chiefly into 
benzoic acid (H0,C„H,03), and benzoate of ammonia 
(NHjO,C,,II,03), which sublime, together with a r,ed oily 
matter (benzonitrile, CjjIIjN), which has a peculiar and 
characteristic smell, resembling that of the Tonka beau. 

• Tbna dJalingaialied from beoJoio saiil, whicli dissoltes readily in 
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When boiled with acids or alkalies, hippuric acid is con- 
verted into benzoic acid and glycocine (gelatine sugar) 

Hippnric acid. Benzoic acid. Glycocine. 



■^ r- 



HO,C,,Il3NO,+2nO=HO,C,,H,03+C,H,NO,. 

SECTION V. 

Kreatinine (CgHyNjOg). 

30 a. This substance is contained in healthy human 
urine, in the proportion of about 0*4 in 1000 parts, and 
in larger quantity in cow's urine, and, although its phy- 
siological and pathological relations have not yet been 
fully investigated, it must be regarded as a very import- 
ant constituent of the excretion. 

In order to extract the kreatinine, a pint of urine is 
neutralized with milk of lime, and chloride of calcium 
is added as long as it causes a fresh precipitate. The 
earthy phosphates are then separated by filtration, and 
the clear liquid evaporated on a water bath to a small 
bulk, so that the salts begin to crystallize out on cooling. 
After it has been allowed to stand for some time, the 
liquid is poured off* into another vessel (leaving the de- 
posit), mixed with about j'^th of a saturated solution of 
chloride of zinc, well stirred with a glass rod, and set 
aside for three or four days. A crystalline precipitate 
will then be deposited, consisting of a compound of 
kreatinine with chloride of zinc (CgH^NgOg^ZnCl). This 
is washed two or three times with small quantities of 
cold water, and dissolved in boiling water. The solution 
is boiled in a dish, and freshly prepared hydrated oxide 
of lead^ added in small portions, till a yellow precipitate 
(oxychloride of lead) has separated, and the solution is 
decidedly alkaline. The kreatinine is thus set free and 
dissolved by the water, whilst the chloride of zinc is 
decomposed by the hydrated oxide of lead, with produc- 
tion of hydrated oxide of zinc and oxychloride of lead, 
which are both insoluble in water. The filtered liquid 

* Prepared by precipitating nitrate of lead with a slight excess of 
potash, and rapidly washing, ou a filter, so long as the washings are 
strongly alkaline. 
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is boiled with a iittle animal charcoal, which removes 
the coloring matter, as well as any oxide of lead which 
may have dissolved, and after & second filtration ia evapo- 
rated to dryness on the water-bath. On treating the 
residue with hot alcohol, the kreatinine is dissolved, and 
may be obtained in beautifnl transparent prisma, by 
allowing the alcohol to evaporate. The portion left on- 
dissolved by the alcohol generally contains krcatine 
(CgHgNjOJ, a feeble organic base, which is found in the 
juice of flesh. It was formerly thought that the kreatine 
■was also a constituent of urine, but recent experiments 
have shown it to be formed from the kreatinine, during 
the evaporation of the urine, by the aaaimilation of the 
elements of water : 



C,H,N|,O,-i-3H0 =CbH3N30^. 

Since this change takes place, even in the cold, in alkaline 
solutions, the urine should be filtered as rapidly aa poa- 
Bible after the addition of milk of lime, and a large excesa 
of the latter should he avoided. 

Kreatinine forma brilliant prismatic crystals, wliiuh 
disBolve in twelve parts of cold, and in a amaller propor- 
tion of hot water or of alcohol. The solution ia alkaline 
to test-papers, and, even though moderately dilute, yields 
a charauteristic crystalline precipitate with solution of 
chloride of zinc, especially on stirring. It combines with 
acids to form crystalline salts. 

Quaniitatiue determinalion of kreatinine in urine. — In 
order to determine the quantity of kreatinine in urine, 
the process given above requires some modification. The 
following ia the method adopted by Neubauer for the 
estimation of kreatiaiue in the form of tbe double com- 
pound with chloride of ziuc. 

About 6000 grs, of nrine are rendered slightly alkaline 
■with milk of lime, and chloride of calcium ia added as 
long as any fresh precipitate ia formed, The filtered 
liquid IB evaporated nearly to dryness on the water-bath, 
and mixed, while still warm, with about an ounce of 
strong alcohol (96 per cent.}; the mixture is rinsed into 
a beaker, set aside lor four or five hours and filtered, tha 
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residue upon the filter being washed with alcohol. The 
filtrate and waBhings are evaporated to about one and a 
half ounce, and mixed with a small quantity of a very 
strong alcoholic solution of chloride of zinc. After being 
briskly stirred, the mixture is set aside for three or four 
days, when the crystalline compound of kreatinine with 
chloride of zinc may be collected on a weighed filter, 
washed with alcohol, and dried at 212°. From the weight 
of the precipitate, that of the kreatinine may be found by 
the proportion : 



eight or precipitate . 



SECTION TI. 



Fig. 5. 



Venical Mucus and EpiOielial Scales. 

31. The small traces of mucus and epithelial d^ris, 
which are always present in urine, and which do not 
generally amount to more than from O'l to 0-3, in 1000 
parts of the healthy secretion, are derived from the in- 
ternal surface of the bladder and urinary passages. The 
quantity is so small as to be scarcely visible in healthy 
urine, until after standing a short time, it has subsided, 
in the form of a thin cloud, to the bottom of the liquid. 
It may be separated by passing 
the urine through a filter, on 
the sides of which it will be 
deposited in theformof ashin- 
ing pellicle. 

32, When examined under 
the microscope, mucus is found 
to consist of minute granular 
corpuscles (Fig. 5, a) floating 
in the fluid, which are color- 
less, or nearly so, more or less 
round, and frequently oval in 
shape, and u.sually accompa- 
nied by epithelial scales. The 
mucous corpuscles dissolve when treated with strong nitric 
and acetic acids, forming a solution from which, after 
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boiling, ferrocyanide of jiotassium throws down a wliita 
precipitate. 

33. When treated with dilute acetic acid {HO^G^Efi^, 
these corpuscles become more transparent, lose their 
granular appearance, and show in the interior one or 
more distinct nuclei (662). The corpuscles are unaftected, 
or nearly so, by the dilute mineral acids, but readily dis- 
solve in a solution of potash. For the further characters 
of mucus, see paragraphs 99, 153, 210, 247, 660, &c. 

34. The epithelial scales found in the urine, associated 
with mucus, and derived from the epithelial covering of 
the organs through which the secretion has passed, are 
usually more or less torn and broken (Fig 5), but are 
occasionally met with uninjured, when they have the 
appearance shown at b in the figure. 

SECTION vn. 
E.HrncHix Matier. 

85. The term extractive matter ia usually applied to 

ttose organic constituents of animiil flnida, the nature of 
which cannot be exactly defined, and its use therefore 
becomes more restricted in proportion as analysis ad- 
vances. Thus, within the last few years, the analyses of 
urine have disclosed, among the extractive matters, 
minute proportions of two substances, which are also 
found in the juice of muscular flesh, viz., kreatine 
(CgH„N,0,), and kreatinine (C,H,N,OJ,as well as a little 
grape-sugar.* The peculiar yellow coloring matter of 
the urine is also included under the head of extractive 
matters, together with minute quantities of fatty acids. 

36. In stating the results of an analysis of urine, it is 
usual to distinguish between the alcoholic extractive mat- 
lers, which are soluble in alcohol, and the watery extrac- 
tive, which will dissolve only in water. The former aver- 
ages about twelve parts in 1000 of normal urine, whilst 
the watery extract amounts to only two or three parts. 

" l>r. Beiice Jones (Quart, Jour. Cliera. Sue, April, 18(11) lins ob- 
tained Rfi iiiueli aa two graius of graptj-sugar frooi fuitj oauona at 
heHltliy uriiiH. 
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The real nature of these matters is still very imperfectly 
understood; and until we shall have obtained further 
insight into them and their connection with the animal 
functions, the student may consider them as so much un- 
defined matter excreted from the body ; without waiting 
to inquire whether lactic acid and other compounds, the 
presence of which may at present be considered as uncer- 
tain, are or are not contained in it. 

Coloring matters ohtained from urine, — The yellow color- 
ing matter of urine is characterized by the purple color 
which it gives when heated with concentrated hydroclo- 
ric acid. A peculiar red coloring matter containing iron, 
and very similar in its character to the coloring matter of 
the blood, has been extracted from urine* by the follow- 
ing process: The urine was evaporated to a syrup, and 
treated with alcohol ; the alcoholic solution boiled, and 
gradually mixed with milk of lime, until it was decolor- 
ized. The precipitate containing the coloring matter in 
combination with lime was filtered off and washed suc- 
cessively with water and ether ; it was then dried and 
treated with a mixture of hydrochloric acid and alcohol, 
by which the coloring matter was dissolved. By shaking 
the alcoholic solution with an equal volume of ether during 
several days, the coloring matter was obtained in ethereal 
solution, and after washing the latter with water, and 
evaporating, was left as a dark red mass, consisting of the 
urohaemaiin accompanied by a resinous substance. 

Several observers have recorded the occasional presence 
of a blue coloring matter in urine, as well as the existence, 
in other cases, of some substance which gave rise to the 
separation of an insoluble blue matter, when the urine 
was mixed with sulphuric or hydrochloric acid and al- 
lowed to stand. Dr. Hassall showed that this substance 
corresponded, in its properties, to ordinary indigo-blue, 
and the more recent experiments of Schunck have demon- 
strated the existence in most specimens of healthy urine 
of a substance possibly identical with the indican existing 
in woad, which is resolved, by the action of strong acids, 

* Harley, Journ. Pr. Chem., xliv. 264. 
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into sugar and indigo-blue (G„IIjNOJ* Indigo waa ob- 
tained from most of the samples of healthy urine by tha 
following proc633 : sixteen ounces of urine are mixed with 
tribasieacetateof lead in excess, and filtered. The filtered 
liquid IB mixed with an excess of ammonia, the precipi- 
tate collected and decomposed with cold dilute sulphuric 
acid. The solution is again filtered and set aside, when it 
deposit.'* a blue precipitate. If this be filtered oft) washed 
with a litLle caosiic soda, and then with boiling alcohol, 
the latter dissolves a purple-red coloring matter, which 
resembles the so-called piirpurine, and leuves indigo-blue 
undiasolved, which may be recognized by its evolving 
violet vapora, condensable to coppery sctlea, on heating 
and by its dissolving, with a blue color, in coneentrated 
sulphuric acid.f 

The odor of urine is caused by minute quantities o£ 
certain volatile acids, among which plienylia or carhoUi 
acid (C,,HjOJ only is well knuwu. 



SECTION VIII. 
Ammoniac al Salfn. 



37. In perfectly fresh urine these are present in very^ 
small quantity. The urate of ammonia which has been 
already uot iced (19), appears to he one form in which the 
uric acid present in the urine is held in solution, since 
the free acid requires for its solution a larger proportion 
of water than the secretion usually contains. 

38. The presence of ammonia in urine is beat shown 
by adding a little caustic baryta (B:iO|IIO)]: to the resi- 

• Samples of urine in wlilot no sugar ooald be datepted by tba 
oopper-lest, nheii liented with aulphuriuor hydroclilnria ndd, deposited 
btowii Sakiia, and IUh filtHred liquid gnre deuided ludicatious of sagur. 
Tbe brown preuiplCste bad tlie Bame compiKiitioD as aiitbrauilia add 
(Ci,tl,r'0,), nhiuli !a a, prndnct of the d«ci)inposltlon of ludigo-blue ; 
It diuolTeB in boiling aliiahoi, witb a (ino purple color. 

f RullHr uslla Ibo jellow coloring matUr of the urine urnranlUa, 
twiniiig the red Buhntanua derivsil from It urrhodine, and the blue 
ungiatieine. 

t Barytu is here to ba nsed in preferenoe to potaeh, sinoa the latter 
»Qnlil oanse Iha Bvnlution of ammonia by ila action upou the uren, 
irlilrh, ill presence of liie lUkalii-'s, ia converted Into carbutiat 



I 



a (11). 
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due left after evaporating the liquid nearly to dryness at 
a gentle heat, when the odor of ammonia will be percep- 
tible, and a rod moistened with dilute hydrochloric acid, 
held over it, will give rise to the character] atic white 
fumes of hydrochlorate of ammonia. The proportion of 
ammonia contained in healthy urine appears to be very 
small: in some forms of disease, however, especially in 
certain kinds of fever, the quantity is found to iDcrease 
considerably. Neubauer found, in the case of one person 
in health, about thirteen grains of ammonia in the excre- 
tion of twenty-four hours. In another case, about eight 
grains. 

SECTION IS. 

Fixed Alkaline Salts. 

39, In order to obtain the fixed salts present in the 

urine, about eight ounces should be evaporated to dryness 

in a porcelain dish, in which 

Fig. 6. the residue is afterwards 

heated as long as any fumes 

j_^ , escape ; the resulting carbo- 

.^5 c ' ... 



If^-fti 



';^^r,°'«'.?^_">'fe.'^'A naceous mass is powdered 

: f-il.°^^'(\\- '^■^ft.T* *"<i introduced in small 

''^^ "■"tJli^j'^*^'^^'' ■ ■ portions into a porcelain 

■^t^n^ i^^'l^,''''^ crucible heated to a very 

^«"_,Wsj0.-^;; low redness* In this way 

l.°X~^-i& ' ."Vo "''^ ^^^ carbon will be gradu- 

^ .^ ^V.- •'.^Is'i-l^'^ "^"y burnt oftj and a gray or 

•'jLM^'/^^n',^ " " white ash left, cons' 



^ e ash left, consisting 

^W • •'■"•• **" a mixture of the alkaline 

EvapomodKeiidnflotHeBiihr Urine, and earthy salts; the former 
may then be separated from 
the latter by dissolving in water, in which the earthy salts 
are insoluble (43). The composition of this ash, however, 
will aot exactly represent that of the inorganic portions of 
the urine, on account of the chemical changes induced 
among its constituents during incineration. 

* At a higher temperature, partial fasion QiT|;1it take place, rendering 
complete iooiiieration iupossible ; nomeof tbealkaliuv chlorides might 
also be lost. 
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40. The alkaline salts, which in the healthy Becretion 
usually amount to from ten to twelve parla in 1000, con- 
sist of the sulphates of potash and sorla {KO,SO^ and 
(NaO.SO,), chloride of sodium {NnCl}, oliloriHe of potas- 
flium(A'C4andpho3phateofaoda(2A^«0,fff,PO,+24^y). 
The crystalline residue left after slowly evaporating a few 
drops on a piece of glass, usually has the appearance repre- 
sented in Fig. fi. The croaaiets (a) oonaiat of chloride ot 
sodium, and the more plumose crystals (i) are probably 
phosphate of soda. 

41. The presence of these several salts may be shown 
by adding to the aqueous solution of the ash the follow- 
ing testa : — 

(a) Nilrale of Silver {AgO,NO^ throws down a whitish 
precipitate, consisting of a raixtnre of chloride (AgCl) 
and phosphate (SAgO.POj) of silver. These may be 
separated from each other by warming the precipitate 
with a little nitric acid, when the phosphate will dissolve, 
leaving the insoluble CHLOBIUE, whieh may then be tested 
with ammonia, in which it is readily soluble, 

(6) The acid solution separated from the chloride (a) 
must now be cautiously neutralized with araraouia, which 
will throw down a pale yellow precipitate of phosphate 
(3AgO,PO,), which may be again dissolved by adding a 
slight excess of nitric acid. 

(c) Cklorideqf barium {BaCC),oimtrcile of baryta{BaO, 
NO^), throws down a white precipitate of sulphate of 
baryta {BaO.SO,), mixed with phosphate of baryta (2BaO, 
HOjPOj); which latter may be separated by dilute hy- 
drochloric acid, which leaves the sulphate undissulved, 
proving the presence of soLPnuRic aoid. If the acid 
solution of the phosphate be neutralized with ammonia, 
the phosphate of baryta is again precipitated. 

In order conclusively to prove the presence of phos- 
phoric acid, another portion of the aqueous solution of 
the ash should be acidified slightly with acetic acid, and 
a drop of perchloride of iron (Fe^Clj) added, which will 
cause a yellowish-white precipitate of perphosphate of 
iron (Fe,0^,PO,). 

(li) The absence of all bases except the alkalies, may 
be proved by testing the solution with h3dvoaM\\iViUi «^ 
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ammonia {N'S^S,SS), and carbonate of soda (iVbO,COJ, 
neither of which will be found to cause any precipitate. 

(e) Potash may be shown to be present by adding to 
a little of the strong solution about an equal quantity of 
bichloride of platinum {PtGQ, which will cause a yellow 
precipitate of the double chloride of platinum and potas- 
sium (KCl,PtCl,) ; and another portion may be stirred on 
a slip of glass with solution of tartaric acid, which will 
throw down a white crystalline precipitate of the bitar- 
trate (KO,nO,C,H,0„). 

(/) Soda may be identified by dipping 'a clean plati- 
num wire into the solution, and heating it in the blow- 
pipe flame, which will be tinged golden yellow. 

42. It is difficult "to say in what exact state of combi- 
nation these several bases and acids exist in the urine: 
but it is most probable that each base is divided among 
the several acids, and that a portion of each of the acids 
is combined with some of each of the fixed bases, and 
also of the ammonia (37,40). 



EatiJiy Salts. 

43. The earthy salts, which form the insoluble portion 
of the ash, and which usually amount in healthy urine to 
about one part in 1000, consist of the phosphates of lime 
and magnesia, together with a small trace of alumina and 
silica. These earthy phosphates, 
Fig 7 which are insoluble in water, ap- 

pear to be retained in solution in 
the urine by the small excess of acid 
(probably phosphoric) usually pre- 
sent in the healthy secretion, and 
may be immediately precipitated 
from it by supersaturating with 
ammonia. The precipitate thus 
formed consists of a mixture of 
mwd FhMpliBiM PHOSPHATE OF LIME (3CaO,PO), 

and the double pnosPHATE of am- 
monia and MAGNEaiA (2MgO,NH,0,PO,+12Aq), which 
is iilso called TRIPLE phosphate. If this precipitate be 
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exammed under tbe mioroaeope, it will generally be 
^and to consist of minute crystals of the triple plioa- 
phate, mixed with amorphous particles of phosphate of 
lime (Fig. 7). Collect the precipitate upon a filter, wash 
it several times with water, and drop a little nitrate of 
silver upon it. Tiie formation of the bright yellow 
phosphate of silver (3AgO,POj), will indicate the pre- 
aence of phosphoric add, 

44. The cryataUiue form of the triple phosphate, as 
well aa Its chemical composition, depends upon the quan- 
tity of ammonia present in the liquid during its forma- 
tion. When tbe urine is cautiously neutralized with the 
alkali, the crystals are prismatic (Fig, 8), and in a few 
rare eases, penniform* (Fig. 9), and appear to consist of 



Fig. s. 



Fig. £ 




q( Triple PUoaptalB. 



(MgO,NH„0,HO,PO,) ; while, if a decided excess of am- 
monia be adder!, the crystals are star-like and foiiaceoua 
as shown in Fig. 10. and then consist of (2MgO,NH,0, 
P0j-l-12Ac[). When the urine gradually becomes alba- 
line, owing to the spontaneous formation of ammonia 
from the urea (11), the triple phosphate Is precipitated 
ia the prismatic form, crystals of which are always to be 
detected in stale urine. 

45. Both varieties of triple phosphate will be found 
to develop beautiful colors when examined with polarized 
light. 

Accoriiing to Dr. Has^all, tlieSB consist of p\ioa\i\\iU.e o^Wiaa. 
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Fig. 10. 




Stellate Crystals of Triple Phosphate. 

46. The presence of phosphoric acid, in combination 
with lime and magnesia, together with a trace of silica, 
in the insoluble portion of the ash, may be shown by 
digesting a considerable quantity of the latter in dilute 
hydrochloric acid, and filtering the solution from the in- 
soluble residue. This insoluble portion,* the amount of 
which is usually very small, may then be washed, and 
tested for silica, by fusion before the blowpipe with 
carbonate of soda, with which it will form, when pure, 
a clear colorless bead {Prac, Ohem. 138). 

47. The acid solution of the phosphates, filtered from 
the silica, may then be divided into two portions, and 
tested as follows: — 

(a) Add ammonia in slight excess, redissolve the pre- 
cipitate by adding acetic acid, and add a few drops of 
perchloride of iron ; the yellowish-white precipitate (Fe^ 
Og^PO,) indicates the phosphoric acid. 

(6) To the same portion add about twice its volume of 
water, and boil for a few seconds to precipitate the whole 
of the phosphate of iron; filter, and add oxalate of am- 
monia, which will precipitate the lime as oxalate (CaO, 

(c) The mixture (6) is boiled, and filtered from the 
oxalate of lime; after which the clear solution is well 
stirred with a decided excess of ammonia, which will in 
a short time cause a disposition of the crystalline double 
phosphate of ammonia and magnesia, thus proving the 
presence of the latter base. 

* Tin's residue generally contains carbon, which should be burnt 
off upon platinum foil. 
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48. The same experimeota (a, h, & c) may also be made 
npon the phosphates which are thrown down by the ad- 
dition of ammonia to fresh urine. 

49. The earthy phosphates may also be distinguished 
by the followihg peculiarities, which may be readily seen 
either with or without the assistance of the microscope : — 

(«) When present in excess they may frequently be 
precipitated from the urine in an amorphous form by 
boiling, thus behaving like albumen (139). The phoa- 
phaiic deposit may be readily distinguished from the 
latter, by being soluble in a few drops of nitric acid, and 
in not being reprecipitated by any excess of that reagent 
(140). 

{b) The earthy phosphates are readily soluble, without 
eR'ervescence, in dilute acids, such aa the hydrochloric, 
nitric, and acetic; and are reprecipitated by neutralizing 
the acid solution with ammonia; that of lime being amor- 
phous, and the triple phoaphate, in crystalline form, 
either prismatic or stellate (43). 

(c) They are insoluble in a solution of potash. The 
triple phosphate, when warmed with an excess of the 
altali, gives ofl' amraoniaea! fumes, which may be detected 
by the smell, and by the white cloud formed when a rod 
moistened with dilute hydrochloric acid is held at the 
mouth of the tube. 2MgO,NH,0,PO,+2(i:0,ifO) = 

id) When heated before the blowpipe, phosphate of 
lime experiences little or no change, unless the heat be 
very intense, and continued for a long time, when it 
sometimes partially fuses. The triple phosphate, when 
healed, gives ofl' ammonia and water; and the residual 
phoaphate of magnesia (2MgO,FOj) fuses considerably 
more readily than the phosphate of lime. When the 
two phosphates are mixed in about equal proportion, 
they resemble in composition the fusible calculus, and 
fuse with extreme facility before the blowpipe (392). 
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CHAPTER II. 

QUANTITATIVE ANALYSIS OF HEALTHY UBINB. 

50. Counterpoise or weigh two Berlin porcelain eva- 
porating basins, which for the sake of distinction, may 
be marked A and B, each capable of holding about four 
ounces of water ; and retain the counterpoises, marking 
them in order to avoid confusion. Then weigh into each 
of the basins, 1000 grains of urine, and allow them to 
evaporate first on the water-bath, and afterwards in a hot- 
water oven, or chloride of calcium bath,* until they cease 
to lose weight when weighed at intervals of an hour or 
two. While the evaporation is going on, the experiments 
described in paragraphs 59, 66, &c., may be proceeded 
with. The specific gravity also may be determined (278), 
and the action of the urine on test-paper ascertained (277), 
Then accurately weigh them, and if the weights of both 
residues agree with each other, the loss experienced dur- 
ing evaporation will represent the quantity of water con- 
tained in the urine. If the weights do not agree, it is 
probable that desiccation of at least one of the portions 
has been incomplete ; in which case it is better to con- 
tinue the heat a short time longer, until the results agree 
more closely. 

51. The residue A maybe first examined, retaining B 
for subsequent examination (62). 

52. Warm the residue A with half an ounce or an 
ounce of alcohol of specific gravity about '838, stirring 
the mixture occasionally with a glass rod. Pour off the 
solution into another basin, and again warm the residue 
with a little more alcohol, fresh portions of which must 
be added until it ceases to dissolve anything more. 

* Pract. CJiem., pp. 201, 212. 
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Whetlier tliis is the caae, may bo known hy evaporating 
a drop of the clear liquid on platinum foil or a slip of 
glass, when, if anything has been dissolved, it will be left 
behind as a residue. The alcoholic solution, which will 
contain the whole of the urea, contaminated with extrac- 
tive matter and other impurities, ia now to be evaporated 
to dryness on a water-bath, retaining the residue which 
proved insoluble in the alcohol for subsequent examina- 
tion (57). 

53. The residue, containing the urea, left after evapo- 
rating the alcoholic solution (52), ia now to be dissolved in 
as small a quantity as possible of lukewarm water, and 
mixed with pounded oxalic acid {B.0,Cfi,+2&-q), which 
may be added as long as the liquid, heated to about 190° 
or 200°, continues to dissolve it (14). The urea ia thus 
converted into the oxalate (O^II^N'fi^ff 0,0^0,), which, 
as tbe solution cools, crystallizes out, mixed with some 
of the excess of oxalic acid employed, together with ex- 
tractive matters and other impurities, which give the 
crystals a more or less intense brown color. The crystals 
are to bo washed in the basin with a very small quantity 
of cold distilled water, which may be poured ofl', and 
fresh water added to the crystals as long as it continues 
to become decidedly colored; by which means most of 
the soluble salts and other foreign matters are removed. 

54. The washings are now to be concentrated to a small 
bulk by evaporation on a water-bath, and left to cool, 
when a fresh crop of crystals will gradually separate. 
Care most be taken that an excess of oxalic acid is pre- 
sent in the liquid separated from the crystals, which may 
be known by its reddening litmus paper ; if this is found 
on trial not to be the case, a little more of the pounded 
oxalic neid must be added to the solution, as otherwise, 
some of the urea, which, when uncombined, ia very 
soluble in water, might escape separation. 

55. When the whole of the oxalate of urea has been 
separated by successive crystal liaati on from the liquid, 
it must be gently pressed between the folds of filtering 
paper, and dissolved in warm water; after which the 
solution is to be digested for a few hours, at a tempera- 
ture of ubout lOU", with ponnded ciabonute aZ Vvw^si, 
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stirring the mixliire from time to time with a glass rod, 
as long as anj efl'ervescenee ia produced. The oxalate is 

thus decomposed in the followiiig n 



C,//^A',0„/70,Ci03+ CaO,COi = CaO,CjO,+ CO,+ ifO 



56. The urea, wliich being soluble remains in solution, 
ia to be sepnrated by filtration from the insoluble oxalate 
and carbonate of lime, and carefully evaporated to dry- 
ness either on a water-bath or in vacuo over sulphuric 
acid. Its weight will then represent the proportion of 
UREA in 1000 grains of the specimen of urine under 
examination.* 

57. The portion of the residue which proved insoluble 
in the alcohol (52), containing the uric acid, vesical mu- 
cus, the extractive matter soluble in water, but insoluble 
in alcohol, the earthy salts, and most of the other saline 
matter, is now to be well stirred with auccessive amall 
portions of warm water, which leaves undissolved the 
nric acid, mucus, and earthy salts. The insoluble matter 
is to be collected upon a filter, which has previously heeu 
dried and weighed, and then carefully dried on a water- 
bath, or in a hot-water oven, and weighed. The weight 
having been noted, the dry residue is to be ignited toge- 
ther with the filter in a crucible, until the incombustible 
ash becomes white, or very nearly so; when the crucible 
with its contents is to be again weighed. The difference 
between this weight and that of the dry residue previous 
to ignition, gives the amount of combustible matter, con- 
sisting of URIC ACID and VESICAL MUCUS; while that of 
the ash represents the earthy phospuates and silicia. 

58. The portion of urine A will now have given ua the 
weight of— 1. The water; 2. Urea; 3. Uric acid and 
vesical mucus ; and 4. Earthy phosphates and silica. 

6H. For the purpose of ascertaining the respective 
weights of the uric acid and vesical mucus, 2000 grains 
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snbseqnenlly described. 
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of tbe fresli urine may be concentrated by evaporation 
to about balf its balk, aad mixed with twenty or thirty 
drops of hydrochloric acid.* la the courae of tweaty- 
lonr hours, the whole of the uric acid will have been set 
free by the hydroGhlorie acid, and being inaoluble (22), 
will be deposited in the form of minute crystals on the 
sides and bottom of the glass. These are to be collected 
on a weighed filter, and, after being washed with a little 
alcohol, dried in a hot-water oven or on a water-bath. 
The weight of this acid, divided by two (since it is derived 
from 2000 grains of urine), will represent the ORio acid 
contained in 1000 graina of the secretion; and having 
already determined the quantity of uric acid and vesical 
MUCUS together (57), the weight of the latter i.s known 
by deducting fi'om the combined weights that of tbe uric 
acid. 

60. The proportion of uric acid and mucug may also be 
determined by evaporating to dryness 1000 grains of the 
urine previously filtered from the mucus, and washing 
the residue first with dilute hydrochloric acid (contnining 
one part of acid to eight or ten of water), and afterwards 
with a little alcohol. We thus dissolve out everything 
but the uric acid, which, after being washed with cold 
water, may be dried and weighed. 

61. Kit is required to determine the respective pro- 
portions of earthy phosphates and silica in the residue of 
earthy salts (57) — which, however, ia seldom necessary, 
since the quantity of silica is always very small — it may 
be done in the following manner; Moisten tbe residue 
with hydrochloric acid, and evaporate to dryness; thea 
digest it with the aid of a gentle heat, in dilute hydro- 
chloric acid, which will dissolve out the phosphates, leav- 
ing the SILICA perfectly insoluble. The weight of the 
latter is then ascertained, and deducted from the gross 
weight of the earthy salts (57), when the differences will 
represent that of the earthy phosphate ; or the phos- 
phates may be precipitated from the hydrochloric acid 

* Id general, the w. 
pravloDs aoi: 
four UourB. 
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solution by supersaturating it with ammonia, filtered, 
ignited, and weighed, 

62. We have now to operate upon the residue left after 
the evaporation of the second portion of urine marked B 
(50), for the purpose of determining the weight of — 1. 
The animal extractive and ammoniacal salts; and 2. The 
fixed alkaline salts. 

63. The dry residue, after being accurately weighed, is 
to be incinerated (39) in a platinum or porcelain crucible, 
until the whole of the blackness (carbon) has disappeared, 
after which the weight of the ash is to be noted.* The 
loss experienced during ignition being due to the com- 
bustion of the organic matters and the volatilization of 
the ammoniacal salts ; and as we have already ascertained 
the weight of the urea, uric acid, and vesical mucus, we 
have only to deduct from the whole amount of loss the 
combined weights of those three substances, in order to 
determine the quantity of the animal extractive and 

AMMONIACAL SALTS. 

64. The ash obtained by ignition contains the whole of 
the inorganic matter, or, in other words, the fixed alkaline 
and earthy salts contained in the urine. By deducting 
from this the weight of the earthy salts already deter- 
mined (57), we obtain the proportion of fixed alkaline 

SALTS. 

Qb. We shall thus have determined the proportion of 
the 

Water, 

Urea, 

Uric acid, 

Vesical mucus, 

Auimal extractive and ammoniacal salts, 

Fixed alkaline salts, 

Earthy pliosphates, 

Silica, 

which, when added together, ought to make up a fraction 
less than 1000 grains, some slight loss being unavoidable 
during the course of the analysis. 

* If an exact determination of the amount of ash be required, the 
dry residue must be carbonized by a low heat until no more fumes 
are evolved, the soluble salts thoroughly extracted from it by boiling 
water, and their weight determined by evaporating the filtered liquid. 
The coal containing the insoluble salts in then dried and burnt, at a 
higher temperature, to a white ash. 
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Qiiai'tifaUiK determination of Ammonia. 

65a. Place about an ounce of filtered urine in a ahallow 
flat evaporating dish, upon which ia supported, by means 
of a, triangle made of bent glass rod, a smaller flat dish 
containing half an ounce of dilute sulphuric acid, which 
is known to be exactly neutralized by a certain amount 
of a standard solution of soda. Add to the urine about 
half its volume of milk of lirae, cover the whole with a 
bell glass, and allow it to stand for forty-eight hours. The 
ammonia which is set free by the lime will be absorbed 
by the sulphuric acid, and it only remains to ascerLiiu 
how much of the latter baa been neutralized by the ara- 
moaia, which is easily done by meana of the solution of 
soda above referred to. Every forty grains of sulphuric 
acid (SO3) neutralized, will represent seventeen grains of 
ammonia (NHj).* Dark-colored urine, which easily putre- 
fies, must be precipitated with a mixture of acetate and 
tribasic aceute of lead, and filtered before determining 
the ammonia. 

Quantilalive deicrmination of llie Inorganic Salts. 

6fi. For the sake of practice in analysis, it will be well 
for the student to dbterinine the proportions of the several 
bases and acids contained in the ash obtained in (iJa) and 
(63). but for purposes of diagnosis, it is more convenient 
to estimate the alkaline and earthy phosphates, the sul- 
phuric acid, and the chlorine in the original urine, and 
this is the more necessary because the composition of th« 
ash of any given sample of urine is liable to variation, 
according to the temperature at which the incineration 
was conducted. 

67. P'or the quantitative analysis of the ash, about sixty 
grains will be required, which would be furnished by 
about 50u0 grains (ten fluidounces) of urine treated ac- 
cording to the directions given in (39); the ash should 
be thoroughly mixed together in a dry mortar whilst still 
warm, and transferred to a stoppered bottle. 

HA, Determinalion of lime, magnesia, and phosphoric arid. 

* Tliin proaeas was 'l^viseA liy Ntiilia,aijc. 
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— Heat twenty grains of the ash with dilute hydrochloric 
acid for a few minutes, and filter the solution from the 
undissolved residue (carbon and silica,) taking care to 
wash the latter as long as the washings are acid. Mix 
the filtered solution with ammonia in excess, stir it well, 
and allow it to stand for some time (if possible for twelve 
hours). Collect the precipitate of phosphate of lime 
(3CaO,PO,), and phosphate of magnesia and ammonia 
(2MgO,NH40,P03) upon a filter, wash it with ammoni- 
acal water as long as the washings leave any considerable 
residue, when evaporate upon a slip of glass and save 
the filtrate and washings for further examination (72). 

69. Determination of lime. — Dissolve the precipitate off 
the filter with a little warm acetic acid, taking care to' 
wash the filter, and mix the solution with oxalate of 
ammonia. Allow it to stand for some time, that the 
oxalate of lime (CaOjCjOg) may separate, collect it upon 
a filter, wash it till the washings leave no residue on 
evaporation, dry, and ignite, together with the filter, in a 
weighed crucible, when the oxalate will be converted into 
carbonate of lime (CaO,C03). Moisten the ignited pre- 
cipitate with a little carbonate of ammonia, to convert 
any caustic lime into carbonate, dry at a moderate heat, 
and weigh. The amount of lime may then be calculated 
by the proportion — 

Ate. wt. of carb. Ate. wt. of Wt. of earb.of lime Wt. of lime in 
limo. lime. obtained. 20gi'H. of ash. 

.50 : 28 : : a : x 

70. Detei-mination of magnesia, — The filtrate and wash- 
ings from the precipitate of oxalate of lime (69), are con- 
centrated by evaporation, mixed with excess of ammonia, 
well stirred, and set aside for twelve hours ; the precipi- 
tate of phosphate of magnesia and ammonia is collected 
upon a filter, washed with ammoniacal water, dried, 
ignited and weighed. Since it is converted by ignition 
into pyrophosphate of magnesia (2MgO,P03), ^^^ amount 
of magnesia will be calculated by the proportion — 

Ate. wt. of Ate. wt.of Wt. 2MgO,PO, Wt. of magnesia in 

2MgO,PO,. 2MgO. obtained. 20 grs. of ash. 

1]1'4 : 40*4 : \ a : x 
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By (leducting the weight of the magnesiii from the total 
weight of the precipitate, we obtain the amount of phos- 
plioric aeid which was in combination with magnesia in 
the twenty grains of ash employed. 

71. Determination of phosphoric acid. — In order to de- 
termine the phosphoric acid which was in combination 
with the lime, the filtrate and washings from the phos- 
phate of magnesia and ammonia (70) may be concen- 
trated by evaporation, and the phosphoric acid precipi- 
tated by adding a mixture of sulphate of magnesia, chlo- 
ride of ammonium, and ammonia, and proceeding with 
the pre(;ipitate as in the last experiment, the amount of 
phosphoric acid being calculated by the proportion — 

111-4 : n :: a : x 

72. To ascertain the amount of the phosphoric acid 
which was in combination with the alkalies, the filtrate 
and washing from the first precipitate produced by 
ammonia (68) are evaporated to a small bulk, and the 
phosphoric acid determined precisely as in the last case. 

73. Delerminalion of the chlorine. — Dissolve twenty 
grains of the ash in a little dilute nitric acid with the 
aid of heat, filter, wash the filter till the washings are no 
longer acid, and mix the filtered solution with nitrate of 
silver as long as it causes a fresh precipitate; stir the 
solution briskly to favor the separation of the chloride 
of silver, collect the precipitate upon a small filter, wash 
it till the washings are no longer rendered turbid by 
hydrochloric acid, dry it, detach every particle from the 
filler, and fuse it carefully in a weighed porcelain cru- 
cible; burn the filter, allowing the ash to drop into the 
crucible, again ignite till all the carbon has burnt oft', 
and weigh.* From the weight of the chloride of silver 
that of the chlorine is calculated by the proportion — 

* If tha preeipitflle be too amall to be detHclled from the Biter, tlie 
latter nmsl be burnt willi it, and the asli nfterwarda moistened with 
& few liropa oF iiitrio and Iijdrocblorio aoid, to coavert ttio ruduci^d 
silver into ablotide ; it ia tben itg»ia ignitetl and neigbed. 
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Ate. wt. of chloride Ate wt. of Wt. of AgCl Wt. of chlorine in 

of silver. chlorine. obtained. 20 gra. of akH. 



143-5 : 35-5 : : a 



74. Determination of sulphuric acid and the alkalies. — 
Dissolve twenty grains of the ash in hydrochloric acid, 
filter the solution (68) and precipitate with excess of 
chloride of barium; collect the sulphate of baryta (BaO, 
SO3) upon a (Swedish) filter, wash it with hot water till 
the washings leave no considerable residue when evapo- 
rated, and save the filtrate and washings for further 
examination (75). Dry the sulphate of baryta, empty 
as much of it as possible into a weighed crucible, burn 
the filter so that the ash may fall into the crucible, ignite 
till all the carbon has burnt off* and weigh. The amount 
of sulphuric acid is calculated by the proportion — 

Ate. wt. of Ate. wt. of Wt. of BaO.SO, Wt. of snlphuric acid 

BaO.SOj. SO,. obtained. in 20 gra. of ash. 



116*5 : 40 : : a : x 

75. In the liquid filtered from the sulphate of baryta, 
the potash and soda have now to be determined. For 
this purpose, ammonia in excess, and carbonate of ammo- 
nia must be added, and the solution gently heated. The 
excess of baryta, together with the lime, magnesia, and 
phosphoric acid, are thus precipitated, and must be fil- 
tered off* and washed till the washings leave no consider- 
able residue on evaporation. The filtrate and washings 
are then evaporated to a small bulk, introduced into a 
weighed porcelain or platinum dish, carefully evaporated 
to dryness and heated to dull redness, as long as any 
fumes (of chloride of ammonium) escape. 

76. The residue after ignition, consisting merely of 
the chlorides of potassium and of sodium, is now to be 
weighed. It is then dissolved in a small quantity of 
water, mixed with a solution of bichloride of platinum, 
and the mixture is evaporated to dryness on a water-bath. 
The residue is treated with successive small portions of 
alcohol, which will dissolve out the excess of the bichlo- 
ride of platinum, together with the chloride of sodium ; 
leaving undissolved the double chloride of platinum and 
potassium (KCljPtClg). The latter is to be dried in a 
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weighed filter, at a temperature of 212°, ami weighed. 
From ibe weight of the double chloride thus obtained, 
we may then calculate that of the potash equivalout to 
it, as followa : — 



77. From the weight of potash thus obtained, we are 
enabled to ascertaio how much of the mixed chlorides 
(76) was chlorite of potassium; aud the difference be- 
tween the latter and the gross weight will of course repre- 
sent the quantity of chloride of sodium. The weigiit of 
chloride of potassium equivalent to the potash is for thia 
purpose calculated as follows : — 

4lc. wl. of AlE. wLoffhlo- Wl.ofjiM- Wl. oroLliiridaof poUiwInm con- 



78. The weight of chloride of potassium thus calculated 
is then deducted I'rom the weight of the mixed chlorides 
(76), and the difference will represent the weight of chlo- 
ride of sodium; thug: — 

Weight of mixed cliloriilea .... 
Deduct Treigbt of chloride of potassium . 
Weight of ohloride of sodium .... 

79. The luhole of the soda, however, does nut exist in 
the urine as chloride of sodium, a portion of it being in 
combination with phosphoric, and, perhaps, also with 
some of the other acids present. We have, therefore, to 
calculate from the quantity of chlorine obtained in a for- 
mer experiment (73) how much of the chloride of sodium 
obtained in paragraph 78 existed as such in the urine. 
Thia is done as follows: — 



80. ThequantityofoHLORiDE OF SODIUM thus calculated 
is deducted from the whole weight of chloride of sodium 
previously obtained (78), and the difference will represent 
the amount of chloride of sodium equivalent to the soda^ 
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which in the urine was combined with phosphoric or 
other acids; thus: — 

Difference between 
Ate. wt. of chio- Ate. wt. the two amountH of Soda existing as such 
rido of sodium. ofuuda. chloride of sodium. in iM grs. of the ash. 

58*5 : 31 : : a : x 

81. All the quantities obtained in the foregoing experi- 
ments (68 to 80) represent the amounts of the several 
saline ingredients contained in twenty grains of the ash ; 
as, however, the organic ingredients were estimated as- 
contained in 1000 grains of urine (65), the proportion of 
the inorganic constituents should also be reduced to the 
same scale. This may be done in the case of each con- 
stituent by the following calculation: — 



f Quantity of in- 
organic mat- 
20 : -( ter in 1000 
grs. of urine. 



(Wt. of each con- 
stituent obtained 
from 20 grains of 
the ash. 



' 



rWt. of that 
constitnent 
contained 
in 1000 grs, 
of urine. 



82. Determinalimi of the alkaline and earthy phosphates^ 
the sulphuric acid, and the chlorine in the original urine, — 
Although it would be very difficult to determine these 
constituents in the original urine with perfect exactness, 
it may be effected with sufficient aTjcuracy for the purpose 
of diagnosis, since the results of the analysis of each spe- 
cimen of urine are affected by the same sources of error, 
and may be compared with safety. 

To ascertain the amount of earthy phosphates, 1000 
grains of the urine may be mixed with excess of ammo- 
nia, and set aside for some hours. The precipitate is then 
filtered off and washed, as in (68), dried, ignited, and 
weighed. 

The phosphoric acid contained in the solution filtered 
from this precipitate will, of course, be the measure of 
the alkaline phosphates present. In order to determine 
its amount, the filtrate ^nd washings are precipitated with 
a mixture of sulphate of magnesia, chloride of ammonium, 
and ammonia, set aside for twelve hours, and further 
treated, as in (71). 

Volumetric determination of phosphoric add in urine. — 
The phosphoric acid in urine may be determined very 
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eiiaily, and, after a little practice, with considerable 
11688, by ascertaining the amount of iron required to pi 
cipitate it as phosphate of seaquioxide of iron (FejOjPO, 
from the urine, acidified by acetic acid. 

A Bolmion of sesquichloride of iron of known strength 
is prepared by dissolving twenty-ei^ht grains of clean 
thin iron wire in half an ounce of hydrochloric acid, with 
the aid of heat, and gradually adding one drachm of nitric 
acid ; the solution is evaporated very nearly to dryness 
at a gentle heat, and the residue dissolved in water. If 
the solution is not clear, it is rendered so by adding a 
very little hydrochloric acid, and it ia then diluted to 
2000 grains. 100 grains of this solution correspond to 
1'775 grains of phosphoric acid. 

In order to confirm this, 3'58 grains of pure crystal- 
lized phosphate of soda (2NaO,HO,POj + 24Aq) are dis- 
Bolved in an ounce of water in a small beaker, the solu- 
tion mixed with a little ammonia,* then with an excess 
oF acetic acid, and the solution of iron added from a 
burette until a trace of iron can be detected in the Altered 
liquid by ferroeyanide of potassium. 

The most convenient mode of filtering a little of the 
fluid consists in employing a small tube about five inches 
long and half an inch wide, open at both ends, which 
should be turned over like the rim of a test-tube. Over 
one of these ends a circular piece of filtering paper is 
tightly bound by a platinum wire, so that its edges may 
overlap about two inches of the tube. The filter-paper 
having been moistened, it is dipped about an inch below 
the surface of the liquid containing the precipitate, when 
a. few drops of the clear liquid will enter the tube, and 
may be poured into a test-tube containing a little dilute 
solution of ferroeyanide of potassium. As soon as it ia 
found that, on making this experiment, a slight blue 
^oge IB produced, it is known tbat a suiricienl quantity 
of the iron solution has been added. 

The 3'58 grains of phosphate of sot^a should have 

* This ammonia serves In nentraliza tlie iiyiJroohloric acid wliich 
iaset free in the raactioii, nnd irUicli would otherwifle disBolTa the 
phoKphalu of iron: aKaU.HU.PUs -h Fe2Cl3 = FtjOj.PO; + aNaCl^^ J 



1 
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required forty grains of the iron-solution for complete 
precipitation. 

In order to determine the phosphoric acid in urine, 
500 or 1000 grains (according to the state of concentra- 
tion) may be mixed with ammonia in excess, then with 
acetic acid in excess, and afterwards tested with the iron 
solution in the manner just described. From the number 
of grain measures of this solution required to complete 
the precipitation, the amount of phosphoric acid is cal- 
culated by the proportion — 

Ora. of iron Phosphoric 
Holution. acid. 



100 : 1*775 : : Qrs. of solution used : x 

If it be desired to determine the amount of phosphoric 
acid existing in combination with lime and magnesia, 
1000 grains of urine may be mixed with ammonia in 
excess, allowed to stand for an hour or two, filtered from 
the precipitated phosphates, the filtered liquid acidified 
with acetic acid, and tested, as before, with the iron solu- 
tion. The difference between the amount of phosphoric 
acid thus obtained and the total quantity in 1000 grains, 
inferred from the former determination, will represent 
the phosphoric acid existing in the forms of earthy phos- 
phates. 

83. For the determination of the sulphuric acid, 500 
grains of the urine are acidified with hydrochloric acid, 
precipitated by chloride of barium and the precipitated 
sulphate of baryta treated as in (74). 

The chlorine may be determined by acidifying 500 
grains of urine with nitric acid, precipitating with nitrate 
of silver, and proceeding as in (73), avoiding as far as 
possible, the reducing effect of light upon the silver-salt 
in the presence of organic matter. 

84. If it be required to compare the acidity of different 
specimens of urine, it may be effected by adding to 1000 
grains of the urine, from a graduated burette, a weak 
solution of carbonate of soda, of known strength, until 
it ceases to redden litmus paper. Of course the degrees 
of acidity will vary as the quantities of carbonate of soda 
employed. 
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CHAPTER III. 



AVEBAGE COMPOSITION OF HEALTHY UBINE. 

85. The foUowiDg analysis of healthy human urine 
will serve to give some idea of its average composition. 
Although- in the amount of the several constituents they 
will be seen to differ considerably from each other, it 
will be found that these differences are not really quite 
so great as they at first sight appear, being in a great 
measure owing to variations in the relative proportions 
of water and solid ingredients (1). 



Analysis I, (^Derzelius,) 

Water 

Urea 

Urio acid 

Lactic acid, lactate of ammonia, and extrac- 
tive matters 

Mucus 

Sulphate of potash . . . . . 
Sulphate of soda . . . . . 
Phosphate of soda . . . . , 
Biphosphate of ammonia ... 
Chloride of sodium . . . . . 
Muriate of ammonia . 
Phosphates of lime and magnesia 
SUica. 



933-00 

30-10 

1-UO 

17-14 

0-32 
3-71 
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Analysis IL (Simon.) 

Specific gravity 1012. 

Water 956*000 

Urea 14-578 

Uric acid 0-710 

Extractive matters and ammoniacal salts . 12-940 

Chloride of sodium 7-280 

Sulphate of potash 3-508 

Phosphate of soda 2-330 

Phosphates of lime and magnesia . . 0-664 

Silica ....... a trace 

998-000 
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Analysis III, (D 


>r. Miller.) 




Specific gravity 1020. 








Water . 


. 956-8000 






Urea 


. 14-2300 1 






Uric acid 


. 0-3700 
. 125270 . 


29-812 




Alcohol extractive 


Organic 




Water extractive 


. 2-5204 1 
. 0-1650 J 


matters. 




Vesical mncns 






Chloride of sodium 


7-2195 1 




43-16 


Phosphoric acid 


2-1189 




Solid matters. 


Salphuric acid 


1-7020 






Lime 


0-2101 . 


1 3349 




Magnesia 


0-1198 


Fixed salts. . 




Potash . 


1-9260 






Soda 


0-0536 







999-9623 



Analysis IV. (Marchand.) 



Water .... 






. 933-199 




Urea 






, 32-675 1 




Uric acid 






. 1-065 




Lactic acid . . . . 






1-521 




Extractive matters 






11-151 




Mucus .... 






. 0-283 




Sulphate of potash 
Phosphate of soda 
Sulphate of soda . 
Biphosphate of ammonia 
Chloride of sodium 






. 3-587 
, 3-056 

3-213 
. 1-552 

4-218 


66-8 

Solid 

matters. 


Muriate of ammonia 






. 1-652 




Phosphates of lime and magn 
Lactates . . 


esia' . 

1 




. 1-210 
. 1-618 





1000-000 



Analysis V. (^Lehmann,) 



Water 


. 937-682 




Urea 


. 31-450 1 




Uric acid 


1-021 




Lactic acid 


1-496 




Water and alcohol extractives 


. 10-680 




Lactates ...... 


. 1-897 


62-318 


Chlorides of sodium and ammonia 


. 3-646 


Solid. 


Alkaline sulphates . . . . 


7-314 


matters. 


Phosphate of soda . . . . 


3-765 




Phosphates of lime and magnesia 


1-132 




Mucus 


, 0-112 





1000-195 
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Analiffis VL ^BecquereL) 

Showing the comparalire composition of JIale and Female Urine^ 

Mean eompo^tio. iHrtooffo«r Ge.er»l 

of the an ■« of umr i.,^i»v, _^_-. -»•.« 

Specific gravity . . 1018-9 1015.12 1017*01 

Water . . . 968815 975052 971-935 

Solid constitueDts . 31-185 24-948 28-066 

Urea . . . 13838 10-366 12102 

Uric acid. . . 0-391 0-406 0-398 

Other orgaDic matters 9261 8-033 8647 

Fixed salts . . 7*695 6-143 6-919 

Consisting of — 

Chlorine 0-502 

Sulphuric acid 0-S55 

Phosphoric acid 0-317 

Potash 1-300 

Soda, lime, and magnesia .... 3*944 



CHAPTER IV. 



MORBID UBINE. 

86. The urine passed during a diseased state of the 
system, is almost invariably more or less altered in its 
composition, and frequently presents physical peculiari- 
ties, as of color, opacity, &c., which are at once apparent 
on the most cursory examination. The variations which 
are found to occur in the chemical composition of morbid 
urine may be divided into two classes, viz: — 

1st. Those in which no abnormal ingredient is present ; 
but in which one or more of the normal constituents 
is present either in greater or less proportion than 
is found in healthy urine, or is altogether absent. 

2d. Those in which one or more ingredients are pre- 
sent, which are not found in healthy secretion. 
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I. Vrine containing no abnormal ingredient^ hut in which an 
excess or deficiency of one or more of its normal constituents 
is present, 

SECTION I. 
Urine containing Urea in abnormal quantity, 

87. Urine containing an excess of urea, is chiefly 
characterized by its high specific gravity, in which respect 
it resembles that secreted by diabetic patients (116). If 
the urea be present in large excess, it deposits irregular 
rhomboidal crystals of the nitrate (C,n4N302,H0,N03), 
when the urine, either in its natural state, or especially 
when slightly concentrated, is mixed with an equal 
quantity of nitric acid (181). The proportion of urea 
present in the healthy urine passed during the twenty- 
four hours is usually about fourteen or fifteen parts in 
1000 (10) ; while in disease it often amounts to thirty 
parts, or even more. 

SECTION II. 
Urine containing Uric {or Lithic) Acid in abnormal quantity. 

88. When urine contains an access of uric acid, it has 
usually rather a higher color than the healthy secretion, 
either deep amber or reddish brown. Its specific gravity 
is seldom much higher than 1020 or 1025, unless an 
excess of urea is also present, which is not unfrequently 
the case. It generally has a decided acid reaction to 
test-paper; and if the uric acid is present in any con- 
siderable excess, it is partially deposited as the urine 
cools, in the form of a crystalline sediment, usually of a 
more or less decided red color, and frequently mixed 
with urate of ammonia, mucus, and other matters.* The 
crystalline forms in which uric acid is found in the urine, 
are represented in paragraph 186. This deposition of 
uric acid is greatly accelerated by the addition of a few 
drops of nitric or hydrochloric acid to the urine (20). 

89. The urine of infants and young children not un- 
frequently deposits lozenge-shaped crystals of nearly 

* Hippuric acid has been known to deposit together with uric acid. 
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pure uric acid, containing only a trace of yellow coloring 
matter. Il rarely happens that uric acid is deposited in 
the solid state previous to emiaaion, being held in solu- 
tion in the warm liquid, and gradually separating in the 
form of a sediment, as the secretion cools (186), 

90, The quantity of uric acid, which, in the healthy 
scrotion, ia seldom more than from O'S to I'O in 1000 
parts, varies in morbid urine from a scarcely perceptible 
jrace to upwards of two parts in 1000. 
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SECTION III. 
Urine ccmlainivg an excess of Urate {or Lilhale) of Ammonia 

91. U ne conta n ng an e\cess of urate of immon j, 
varies very much n color and appearance be ng some 
times pale and of lo sj ec fie grav ty but more fre 
quently h gh c lored de se 
and turb d It ^ most con 
monly hI g lly acd but s also 
met w tl e tr ^n 1 even illva 
line. The urate of immo a s 
gradually depo telaatheu no 
<3ools, n the fo m of an amor 
phoiis prec p tale wh ch v th a 
high n agn fy ng power appears 
to uons tit of m nute roundel 
pnrticl s occoa o illy adheri g 
together and form ng rregular 
linear masses (Fig, 11) ", fre- 
quently mixed with microscopic 
crystals of uric acid; and oceaaio 

tion is neutral or at all alkaline, with the earthy pbos- 
phates (106). 

92, Urate of ammonia has been met with, in a few 
rare cases, in the form of globular masses of a larger size, 
and pierced with spicular crystals, probably of uric acid 
(Fig, 12). Like the other varieties of urate of ammonia 
deposit, it is usually found mixed with crystals of uric 
aoid. 

ti* 




lallv, when the secre- 
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93. Urate of ammonia* constitutes one of the most 
common of the urinary deposits. The color of the sedi- 
ment is found to vary considerably, being 

Fig. 12. met with all shades, from pale fawn 

color to reddish purple or pink, the latter 

Q >Y/ colors being due to the admixture of 

%^i^^ i Jf purpurine, which is very frequently found 

^^>Y associated with the urates (104, 217). 

vj[ VX Urate of soda, and traces of the urates of 

^i y^ lime and magnesia, are not unfrequently 

Urate of Ainmonia.t fouud associatcd With Urate of ammonia 

deposits. 

94. A deposit of urate of ammonia readily dissolves 
when the urine containing it is gently warmed; and is 
again precipitated as the liquid cools. If, however, as is 
often the case, it contains also an admixture of free uric 
acid or earthy phosphates, the deposits will not wholly 
dissolve on the application of heat, those substances being 
nearly insoluble in hot as in cold water. The pre- 
sence of purpurine (104, 217) usually renders the urate 
less easily soluble when warmed. 

95. When a deposit of urate of ammonia is treated 
with a little dilute hydrochloric or acetic acid, it is 
decomposed; and minute crystals of uric acid shortly 
appear, which may be readily distinguished under the 
microscope (194). 

SECTION IV. 
Urine containing Urate (or Lilhale) of Soda. 

96. The acid urate of soda (NaO,HO,C,on2Npj is also 
a frequent sediment in the urine, particularly in the 
urine of patients taking medicinally the carbonate or 
other salts of soda. It may generally be recognized with- 
out difficulty under the microscope, usually forming mi- 

* The amorphous deposit formerly described and figured as urate 
of ammonia has been proved by Dr. Bence Jones to consist of different 
acid urates, among which acid urate of potash occasionally predomi- 
nates. On washing it with cold water, crystalline uric acid separates, 
although none could be perceived in the unwashed deposit. 

t See note to (93). 



Fig. 13. 
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nuto globular and Bometimea granulated 
aggregations, withoccasioQally irregular 
and curved protuberances, as shown in 
Fig 13.* 

H7, It resembles the urate of ammonia 
in being soluble in hot water (22, 192), 
and also in most of ita chemical charac- 
ters; giving the same purple-colored 
residue when tested with nitric acid and 
ammonia (23). It also yields crystals of uric acid, whei 
treated with dilute hydrochloric acid (194). Wheal 
warmed with potash, however, it does not of course give ■ 
offammoolaeal fumea (377); and by this, and more espe- 
cially by its behavior before the blowpipe (202), and by 
ita microscopic appearance, it may readily be distin- 
guished from the ammoniacal salt. The two salts are fre- 
quently found occurring together in the same deposit. 

SECTION V. 

Urine conlainind an Mcess of Sippurio Acid. 

fl8. There is but little that can be said to be character- 
istic in the appearance of urine in which an excess of I 
hippuric acid is present. It is most commonly either i 
neutral or slightly acid to test paper, but occasionally 1 
alkaline ; and is in most cases pale and whey-like and of j 
low specific gravity. The mode of its detection will be 
found described in paragraphs 206, &c. 

BECTION VI. 

Urine conUiimng an excess of Mucus. 

99. Mucous urine is most commonly very similar in | 
color to the healthy secretion. It deposits a viscid, tena- 
cious sediment, usually of a dirty yellowish color, con- j 
sisting chiefly of mucus mixed with epithelium (328); 
which, wheu agitated, does not mix again uniformly with I 

• The Bold uralB of soiU (NaO,HO,C|oH,N,0,-f 2Aq) has been ob- I 
biineil arliBclallj in trauapareut gratmlisa, nMch might b« mistaken,/ 
Undar Iha miurosaope, for fnt-glnbules, but wiieo waxtied with n 
tliuy asiiUine the ordinary nppe.trance uf urate of soda. 
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the fluid, but coheres together in tenacious, ropy masses, 
entangling and retaining numerous bubbles of air. 

100. Urine containing an excess of mucus is generally 
neutral or slightly acid when passed, unless it has been 
retained some time in the bladder, when it is not unfre- 
quently alkaline ; and when this is not the case, it very 
speedily becomes so, owing to the rapid conversion of 
the urea into carbonate of ammonia under the influence 
of the mucus (11). This change takes place first in the 
portion of the fluid which is in contact with the mucous 
sediment: this may frequently be seen in specimens of 
slightly acid urine, the upper portions of which redden 
litmus paper; but if the lower part, more immediately in 
contact with the mucus, be tested, it will be found to 
restore the original blue color. 

101. Mucous urine diflers from that containing pus, in 
the ropy and tenacious character of the deposit ; and also 
in not giving any sensible indication of albumen when 
tested with heat and nitric acid (254), unless the albumen 
be derived from some other independent source, which is 
sometimes the case (255). Minute traces of albumen, 
indeed, are present in the undiluted mucous fluid, but 
the quantity is so small, that when mixed with urine, it 
is incapable of being detected (668). 

102. The mucous deposit is frequently found mixed 
with a considerable quantity of earthy phosphates or 
urates ; in which case its opacity renders it more liable 
to be mistaken for pus. The true nature of such a mixed 
deposit is, however, readily distinguished by microscopic 
examination, which should always be had recourse to in 
such cases (156, 211, 828). 

SECTION VII. 

Urine containing an excess of Extractive and Coloring 

Matters, 

103. Urine containing extractive matters in excess is 
usually more highly colored than the natural secretion, 
a large proportion of what is included under the title of 
extractive matter, consisting apparently, in most cases, 
of the peculiar coloring matters of the urine. When 
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boiled and aubaequently mixed with a little hydrochloric 
acid, such urine becomes of a more or less decided red 
color (215) ; and on cooling, usually deposits a quaotity 
of brownish or bluiah-black sediment, which ia readily 
soluble in alcohol. 

104. It is not unfrequently the case, that the peculiar 
red coloring matter called purpurine is present in con- 
siderable quantity in certain forms of morbid urine. 
This, when a deposit of urate of soda or ammonia ia alao 
present, ia precipitated with the urate, giving the sedi- 
ment a pink or red color (217). When no deposit of 
urate exists, the purpurine remains in aolution, giving 
the urine a more or less bloody appearance, which may 
sometimes lead to the suspicion that blood is present. 
For the methods of identifying purpurine, see paragraphs 
2X6 to 221. 

SECTION VIII. 



105. "When these salts are present in excess, they tend 
to raise the specific gravity of the secretions. The quan- 
tity of soluble saline matter may be readily estimated 
in the mass, by incinerating the dry residue left after 
evaporating a known weight in the urine, and treating the 
ash with water, which will dissolve out the alkaline salts, 
leaving the earthy phosphates and silica undissolved.* 
The aqueous solution is then evaporated to dryness, 
ignited and weighed. The individual proportion of the 
several salts, which is sometimes a point of considerable 
interest, may be determined in the manner described in 
paragraphs 66 to 84. 



SECTION IX. 



Urine conlaining theEarthy Ph 



II abnormal guanliiy. 



106. The physical characters of urine containing an 
excess of earthy phosphates vary considerably. The color 
is most commonly pale, and the specific gravity rather low, 
but it is also occasionally dark, aud of high specific gravity, 

» Sue DotHto (G3). 
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especially when urea is present in large quantity (87, 
801). It is generally slightly acid . when passed, but 
shortly becomes neutral or alkaline (43), when the phos- 
phates are precipitated, often in large quantity, in the 
form of a crystalline sediment the color of which varies 
from white and gray to a yellow or reddish brown. 
When white or gray, the sediment will probably be 
found to consist chiefly of phosphates mixed with mucus ; 
when yellowish or red, it will probably be found to con- 
tain, in addition, a certain amount of uric acid, or urate 
of soda, or ammonia, most commonly one of the latter. 

107. It must be borne in mind that the spontaneous 
occurrence of a precipitate of earthy phosphates, is not 
of itself a proof that they are present in excess ; nor, on 
the other hand, is the non-occurrence of a deposit a proof 
that a small quantity only is present. When the urine 
is acid, as in health, they may be retained in solution in 
considerable quantity, without forming any solid sedi- 
ment ; while if the secretion is neutral or alkaline, a 
comparatively small amount of earthy phosphates may 
be precipitated in the form of a deposit. 

108. When examined with the microscope, deposits of 
the earthy phosphates will frequently be found to contain 
both the crystalline triple phosphate (MgO,NH[40,HO, 
PO3), and also phosphate of lime, in the form of an 
amorphous powder, or in minute, irregular, rounded par- 
ticles (43, 44). Minute dumb-bells, like those of oxalate 
of lime (Fig. 25), have also been met with. 

Crystallized phosphate of lime (Fig. 14) (2CaO,HO, 

PO3) is by no means 
Fig* 14. uncommon in urine. 

It may always be ob- 
tained by partially 
neutralizing the fresh 
urine with ammonia, 
and setting it aside. 

109. The quantity 
of earthy phosphates 
which in healthy ur- 

Crystallized Phosphate of Lime. J^e, is USUally aboUt 
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one part in 1000, varies, in disease, from a scarcely per- 
oeptible trace to 5'5 in 1000 parts, and is occasionally 
even bigher. When present iu excess, tliey may geoe- 
rally be partially precipitated by warming the urine 
(49). 

110, It sometimes happens, in certain forma of disease, 
that the earthy phosphates are secreted in much emaller 
qaaotily than ia found in healthy urine, and in some rare 
cases they appear to be altogether absent. Whether this 
is the case in any specimen of the secretion, may be ascer- 
tained by adding to it a slight excess of ammonia, when 
if present only in very small proportion, or not at all, 
no precipitation will take place; or the ash of the urine 
may be digested in dilute hydrochloric or nitric acid, and 
the clear acid solution supersaturated with ammonia, 
when, if no precipitate is produced, it may be conchidad _ 
that no perceptible trace of earthy phosphate is presents 

II. Urine conlaininy one or more abnormal ingredients. ■ 

111. The abnormal matters usually found in morbid" 
urine are; 1, sugar;* 2, albumen; 3, blood; 4, bihary 
matter; 5, pua; 6, fat and chylous matter; 7, semen ; 8, 
oxalate of lime; 9, cystine and other foreign matters. 
Besides the aubstauces just enumerated, various others 
may be occasionally detected in urine, such as arsenic, 
antimony, and many other saline and organic matters, 
which having been taken into the system medicinally ot' 
otherwise, and being incapable of assimilation, havm 
passed through either unchanged, or more or less uiodiij 
fied in composition. 



Urine containing Sugar {G,,S^^O,^.) 

112, The variety of sugar always present in the urine 

of diabetic patients, and hence called diabetic sugar, has 

the same chemical composition as that contained in most 

* Recent rasBarohes (35) haye removed sn gar from Ilia liatof strict- 
\j abnormal ingredients of nriue, but thia does not aifeot the praotinal 
value of the alagaiScatlon liere giTen, or of testa deaccibed in the foL- , 
luwiDg sectiou. 
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kinds of fruit, commonly known aa grape sugar or 
glucose. It appears to contain two equivalents of water 
of crystallization, which may be expelleil at a tempera- 
ture of 212°; 80 that its composition may be more cor- 
rectly expressed by the formula (C,^^,0fj+2Aq). 

113. Diabetic sugar may bo obtained by concentrating 
the urine containing it, by evaporation on a water-bath, 
until it begins to depo-sit a crystalline sediment; the 
mass is then allowed to cool, on which the greater part of 
the sugar crystallizes out. It is then filtered ; and when 
most of the liquid has passed through, the crystals are 
to be pressed between folds of filtering paper, and washed 
with a smalt quantity of cold strong alcohol, which serves 
to remove the greater part of the impurities, wilhont 
dissolving much of the sugar. The crystals are then 
dissolved in hot water, and purified by successive crys- 
tallizations, or, if necessary, by boiling with animal char- 
coal. 

114. Diabetic sugardiffers from cane sugar (C,jII„0,,), 
in bein^ considerably less sweet to the taste, harder, and 
less soluble in water; one part requiring about one and 
a half of cold water to dissolve it. In dilute alcohol, on 
the other hand, it is somewliat more soluble than the 
cane variety ; bat is insoluble in absolute alcohol and 
ether. It is usually in the form of granular crystals ; 
but when crystallized out of a considerable mass of syrup, 
is often obtained in needle-like tufts, \V hen crystalliaed 
from its solution in dilute alcohol, it usually separates in 
the form of bard transparent cubes, and occasionally in 
square plates.* 

115. Strong sulphuric acid dissolves grape sugar, form- 
ing a pale yellowish solution ; cane sugar, on the contrary, 
is almost instantly charred and blackened by the strong 
acid. 

116. Urine containing sugar is usually characterized 
by its high specific gravity, which is frequently from 
1030 to 1045, and occasionally as high as 1050 and 1U55. 

* Vfilil lias met with a ease in wliioli a part of tlie diabetic angar 
in tilt) mine was replaced by inosile. It la also stated that aottoue 
Las been fuuud in diabetic urine. 
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Tf, liowcver, the sugar is present only in small quantity, 
the specifio gravity may not be higher than uauiil; so 
that a moderately low specific gravity is of itself no proof 
of the absence of sugar. 

117. Diabetic urine has usually, after standing a short 
time in a. warm atmosphere, a white scum, somewhat 
resembling floor, on the surface, consisting of minute, 
oval-ahaped confervoid vesicles (132), whioh is highly 
characteristic of the presence of sugar, and occasionally 
leads to its detection before it has been secreted in suffi- 
cient abundance lo raise the specific gravity of the urine 
to a suspicious extent. 

118. This variety of urine is usually paler than the 
natural secretion, and frequently possesses a faint green- 
ish tinh It is most commonly slightly turbid. When 
fresh, it has a faint and rather agreeable odor, somewhat 
resembling that of hay. 

119. The proportion of urea in diabetic urine is usually 
much smaller than that found in the healthy secretion ; 
but whether the absolute amount secreted diS'era materi- 
ally from the normal average, or whether the apparent 
deficiency is merely owing to the large quantity of water 
passed by diabetic patients thus largely diluting the urea, 
has not yet been satisfactorily decided, owing to the 
difficulty of correctly estimating the quantity of urea 
when mixed with any considerable amount of sugar (334). 

120. The proportion of sugar in diabetic urine varies 
from a mere trace lo from 50 to 80 parts in 1000; and has 
been known to amount to as much as 134 parts in 1000, 

121. Several tests have been proposed for the detection 
of sugar in urine. Of these, the following only need here 
be noticed, viz., Tivmmer^s teat, Maumenes test, Moore'a lest, 
the fermentation test, and the test attbrded by the growth 
of a microscopic confervoid vegetation, called the toruht, 

122. Trammer's Tfesf.*— This excellent test is founded 
on the circumstance that when a solution containing dia- 

* U diabetic arillR be liot procnrable, a, few grains of grape sngar 
may be disBolved in nocmal urine for tlie demon strati ou of these tests. 
Qrnpe sugar may be obtaiiieii by boiling wliite Bugar with water and 
a few drops of snlphiiric ncid for a few uiinutBH, nentraliiing witli 
oliftlk, filteriDg and avaporatiag. 
7 
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betio or grape sugar (112), is boiled with a mixture of 
potash {K0\ and sulphate of copper (GuOySO^\ the oxide 
of copper {CuO) contained in the latter becomes reduced 
to the state of suboxide (Cu^O), which is precipitated in 
the form of a reddish or ochre-colored granular powder. 

123. A little of the urine suspected to contain sugar is 
placed in a tolerably large test-tube, and mixed with a 
drop or two of a solution of sulphate of copper, which 
should be added only in sufficient quantity to give the 
mixture a very pale blue tint. This will probably cause 
a slight precipitation of pale blue phosphate of copper, 
owing to the presence of soluble phosphates in the urine 
(40) ; this, however, need not be regarded, as it will not 
afterwards interfere with the indications of the test. A 
solution of potash is now added in large excess,* or in 
quantity equal to about half the volume of urine era- 
ployed ; this will first throw down a pale blue precipitate 
of hydrated oxide of copper (CuO,HO), which, if sugar 
is present, will immediately redissolve, forming a purplish- 
blue solution, something similar to that caused in a very 
dilute solution of copper by ammonia. 

124. The mixture is now to be carefully heated over 
a lamp, and gently boiled ; when, if sugar is present, a 
reddish or yellowish-brown precipitate of suboxide of 
copper (CugO) will be deposited in the liquid generally 
before the boiling point is reached. If no sugar is pre- 
sent, a black precipitate of the common oxide of copper 
(CuO) will be thrown down, totally distinct in appearance 
from the suboxide. It is important, in this experiment, 
not to add too much of the sulphate of copper, because, 
in that case the suboxide might be mixed with some of 
the black oxide (the sugar being capable of reducing only 
a certain definite quantity), which would more or less 
mask the characteristic color and appearance of the sub- 
oxide. This test is extremely delicate, and is capable of 
detecting very small traces of sugar in the urine. If very 
much sugar be present, the action ©f the potash upon it 

* Or the potash may he added, and the solution filtered from any 
deposit of earthy phosphates that may be thrown down, be/ore the ad- 
dition of the sulphate of copper. 
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will procluce a very dark brown color, which may disguise 
the suboxide of copper. If this be the case, another 
portion of the urine may be diluted before being tested. 
Since other substances are occa.sionally found io urine,* 
which reduce the oxide of copper, this test cannot be 
considered as conclusive, except as to the absence of 
sugar. Sinoe the presence of ammonia in any oonaider- 
able quantity interferes with the test, as Dr. Eeale origi- 
nally pointed out, recourse must be had to the yeast test, 
if much ammonia be smelt in this experiment. 

125. MaumenSs iesl. — This test is founded on the cir- 
cnmstanoe that when the sugar is moderately heated in 
oontact with the bichloride of tin (SnCy, it is decom- 
posed, and a brownish -black compound, somewhat resem- 
bling caramel, is formed. The most convenient method 
of applying this test ia to saturate strips of merino, 
flannel, or some other woollen tissue,f with a solution of 
biohloride of tin — prepared by dissolving the salt in about 
twice its weight of water, and filtering — after which they 
maj be dried at a gentle beat on a water-bath, and kept 
ready for use. On moistening one of these strips with 
urine, or any other liquid containing sugar, even in a 
highly diluted state, and holding it near a fire or over a 
lamp, so as to heat it about 270° or 300° Fahr., it imme- 
diAteiy assumes a brownish- black color. The delicacy of 
this teat is stated to be so great that though ordinary 
healthy urine causes no change of color, if ten drops of 
diabetic urine be diffused through half a pint of water, 
the mixture will immediately give decided indications of 
Bugar. 

1^6, Moore's iest. — Mix a little of the suspected urine in 

'* Etsu iirio acid proilucea the aams elTriat, bnt id general its quan- 
tity is too smaLl in normal ariue to allDtr of ita linlnj;; mistakeii for 
tnigar. 

t It ia neoeesary in this test to avoid the asa of cotton or linen, 
fllnoB ttieae sulistsnces, being analngona (o sugar in oomposition, □□- 
derjto alao a, aimilap daoomposilion when warmed with the bichloride 
ct tin ; and woald oonsi^qneutly hecomo blackened, eren thoagh no 
eogar were present. It will be seen that the utility of this teat depends 
npon the olroumstanaa that the prepared atrips oau be carried about 
■o as to render the teatH available in a oliniosl axaminatloa. In Lha 
laboratory the oUler te^ts acti morif convenient. 
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a teat-tnbe, with about half its volume of liquor potassaB, 
and boil the mixture gently for a minute or two. If 
sugar is present, the liquid will assume a brownish or 
bistre tint, while little or no heightening of color takes 
place when the urine is free from saccharine matter. 

127. Bbitger^s test — Add to the urine suspected to 
contain sugar a few drops of somewhat dilute solution 
of nitrate of bismuth (Bi03,8N03) in nitric acid, then add 
carbonate of soda till the solution is alkaline, and boil for 
three or four minutes, when, if sugar be present, the 
mixture assumes a dark color from the reduction of bis- 
muth, and when set aside, deposits a gray or black preci- 
pitate. With healthy urine a white precipitate of phos- 
phate and carbonate of bismuth is obtained. 

128. Fermentation test. — Fill a test tube with the sus- 
pected urine, having previously mixed with it a few drops 
of fresh yeast, or still better a little of the dried German 
yeast; close the open end with a small saucer or evapo- 
rating dish, and while gently pressing the latter upon the 

tube, invert them, when they will be in 
Fig. 15. the position shown in the figure (Fig. 15). 

A little more of the urine is then poured 
into the saucer in order to prevent the 
escape of any of the liquid from the tube ; 
and if any bubbles of air have accidentally 
been allowed to enter, the exact height of 
the upper surface of the liquid in the tube 
must be marked with ink, or with a strip 
of gummed paper. The tube, with its 
Fermentation test, conteuts, is thcu sct asidc iu a warm place 

having a temperature of about 79® or 80°, 
for twenty four hours. As bubbles of gas are sometimes 
given oft' by the yeast itself, it is a good precaution to put 
the same quantity of yeast into a second tube of equal 
size, and fill it up with pure water. The amount of gas, 
if any, derived from the yeast, will thus be rendered 
apparent, and may afterwards be deducted from the vol- 
ume of gas in the tube containing the urine. 

129. If sugar is present, it begins almost immediately 
to undergo the vinous fermentation, by which it becomes 
converted into alcohol {G ^E fi^UO) and carbonic acid 
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(OOJ, eacfi equivalent of sugar giving rise to the formi 
lion of two equivalents of alcohol, four of carbonio acii' 
and two of water, thus: — 

C„^i,0„=2(C,-ffsO,ffO)+4COH-2fl'0. 

Tbe enrbonic acid thus formed rises in minute bubbli 
causJDg gradual and general effervescence, and collects 
the upper part of the tube ; af the same time displacing 
the liquid, which escapes through the opou end of the 
tabe into the saucer.* 

130. That the gas thus formed is really carbonic acid, 
may be proved by decanting a liitle of it under water 
into a clean tube, and testing it with hme-water, which 
will instantly become milky, owing to the formation of 
the insoluble carbonate of lime (CaO,CO,). When the 
quantity of sugar present is at all considerable, the urine, 
after fermentation, will be found to possess a faint vinous 
smell, due to the alcohol formed during the process. 

131. If, on the contrary, the urine is free from sugar, 
of course no fermentation will take place, and no gas will 
be formed in the tube. 

132. Test afforded by the growth of_ the ;or«?a.— During 
the process of the vinous fermentation of a liquid con- 
taining sugar, a delicate white scum gradually collects on 
the surface, which, when seen merely with the naked eye, 
ia so highly characteristic an indication of the presence 
of sugar, as frequently to lead to its detection when pre- 
flontonly in very small quantity. If a little of this scum 
be examined under the microscope, with a magnifying 
power of four or five hundred diameters, it will be found 
to consist of minute oval vesicles (Fig. 16), which in the 
ooorse of a few hours rapidly change their form, becom- 
ing longer and more tubular, and giving rise to new 
vesicles, which shoot out from the parent body, forming 
an irregularly jointed confyrvoid stem (Fig. 17). These 
again gradually break up into a great number of oval 
vesicles, which eventually separate, and fall to the bottom, 
where they may be deiccieJ by microscopic examination. 

* This has lipen latuly provpit to be only one of the changes whioh 
ara involred in the fprmentntinn of sagar, othi 
■ucciiifc aiiiil ami glyceriiif, btiiig foi-uiud at 11 
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Fig. 16. Fig i7. 
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Torala Yesicleti, magnified 400 diameters. Torala Stem. 







Precipilation hy trilasic acetae of lead and ammonia, — 
When the proportion of sugar present in urine is very mi- 
nute, the best process for extracting it consists in precipi- 
tating the urine, first with acetate of lead, then with tribasic 
acetate of lead added in excess, and lastly, after filtering, 
with ammonia. This last precipitate is collected upon a 
filter, washed, suspended in water, and decomposed by 
sulphuretted hydrogen. After filtering from the sulphide 
of lead, and evaporating, the sugar may be detected by 
any of the tests above described.* 

Precipitation by potash and alcohol. — If urine contain- 
ing sugar be mixed with four volumes of absolute alco- 
hol, allowed to stand for some time, filtered, mixed with 
a little alcoholic solution of potash, and set aside for a 
day or two, a combination of grape-sugar with potash 
separates as a deposit which adheres to the side of the 
vessel. The alcoholic liquid having been drained off, 
the deposit may be dissolved in water, and tested by any 
of the above tests.f 

132a. A very remarkable substance has occasionally 
been observed in urine, which answers to the test with 
the alkaline copper solution in precisely the same man- 
ner as sugar, but does not possess the property of re- 

* This process has heen employed for the demonstration of the pre- 
sence of sugar in normal urine, but the circumstance that the indigo- 
producing body described by Schunck (36) is precipitated in the same 
way, and yields sugar as a product of its decomposition, much dimi- 
nishes the value of the evidence which it aflfords. 

f According to Briicke, sugar may be detected in healthy urine by 
thirf process. 
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ducing the oxide of hismutli, or of fermenting in conta( 
with yeast. Its most striking feature is that of absorl 
ing oxygen from the air, and producing a brown color, 
when an alkali is added to the solution containing it, so 
that urine in which this substance is present becomes 
brown at once when shaken with potash, whilst saccha- 
rine urine does not become brown until it is boiled. 
Boedeker,* who first directed attention to this substance, 
which he named alkapton, has isolated it in the following 
manner: The urine was precipitated by acetate of lead 
and filtered. The filtrate was mixed with tribaaic ace- 
tate of lead, avoiding an excess, the precipitate washed, 
Buspended in water, and decomposed by sulphuretted 
hydrogen. The solution filtered from the sulphide of 
lead was evaporated to dryueaa on the water-bath, and 
the residue extracted with ether. On evaporatiog the 
ethereal solution, tho alkapton was obtained as a goldi 

J'ellow, resinous, deliquescent substance, very easily 8( 
uble in water and alcohol. Its solution reddens litmi 
slightly, and is unchanged by exposure to air, unless ! 
alkali is added. The precipitate produced by tribaaic 
acetate of lead, also becomes brown when exposed to 
the air. Alkapton contains nitrogen, but its exact com.- 
position has nut yet been ascertaiued.f 



Urine containing Albumen.^ 

133. This substance, which is contained, as is well'l 
known, in large quantity in many of the tissues of the 
body, and especially in the serum of the blood (466), i' 
not unfrequenlly present in morbid urine. Albuminous 
urine varies very considerably in appearance and general 
characters, being found alkaline, acid, and neutral; higj 
colored and pale; of high specific gravity and the cons 

« Add. Cb. Phano., Jnnuary, 18C1. 

f Dr. Jobnsnu lias oliserred the oocarrpnce of alltRploii iu the Q 
at an inraot, Lia attention being oalled to it l>j tbe brown stuina ; 
dnoetl on tbe linen. 

X Fnr tbe purpnse ot dHmoiiRtratiii); i\\e tests, u verj little v 
bl-alnn wljitu uf ugg may be niised with aouie normal uHdh. 
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trary ; so that no general rule can be laid down as to its 
usual physical peculiarities, likely to lead to its detec- 
tion; though, when its presence is once suspected, its de- 
tection is easy and simple (189). 

134. The quantity of albumen found in urine varies 
very much ; a mere trace only being sometimes present, 
and at others as much as ten or twelve parts in 1000. 

13o. The most remarkable property of albumen is, 
that when a solution containing it is heated to a tempera- 
ture of about 170°, or higher, it coagulates, and separates 
completely from the liquid ; and when this change has 
once taken place, it becomes quite insoluble in water. 
The coagulated albumen is readily soluble in postash and 
other alkaline solutions ; and when an excess of alkali is 
present, no coagulation takes place on boiling. 

186. Albumen is precipitated from its solution by 
nitric and hydrochloric acids, but not by phosphoric, 
acetic, or tartaric acids, which indeed appear to exercise 
a decided solvent action upon it, and, when present, pre- 
vent its coagulation on the application of heat. 

187. It is also readily precipitated, even from an acetic 
acid solution, by ferrocyanide(Z^j,i^e(7i/3 + 3^^)and ferrid- 
cyanide {K^^Fe^Cy^ of potassium; and the precipitates 
thus formed are easily soluble in alkaline solutions. 

138. Chloride of mercury {EgGT), alum {Alfi^.'^SO^ 
+ K0^S0^+2^Aq)^ and many other of the metallic salts, 
also cause precipitates in albuminous solutions, which are 
compounds of the salt with albumen. It is precipitated, 
too, by alcohol, creasote, tannin, and many other sub- 
stances. 

189. The detection of albumen in urine containing it 
is very easy. The suspected urine may be gently boiled 
in a test-tube, when, if albumen is present, it will coagu- 
late, and form a more or less copious white precipitate. 
If the albumen is present only in minute quantity, it may 
cause merely a delicate opalescence ; or, when in larger 
quantity, it may separate in curdy flakes; and if very 
abundant, may cause the liquid to gelatinize, and become 
nearly solid (142). 

140. The appearance of a white precipitate on boiling 
is not, however, of itself, a sure proof of the presence of 
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nlbiimcn in urine, since a white precipitate is also pro- 
dnced by boiling, when the secretion, tVeo from albumen, 
contains an excess of earthy pho'iphates (i^a). It ia 
therefore necessary to add a few drops of nitric acid, 
which, in case the precipitate conaisla of phosphates, im- 
mediately rediaaolvea it, bnt if albuminous, leaves it stilt 
insoluble, 

141. To prevent the possibility of error, it ia always 
advisable to test a separate portion of the urine also with 
dilute nitric acid, by which the albumen, if present, wilt 
instantly be thrown down. If the quaotity of albumen 
ia very small, it ia possible that the milkinesa first 
caused by the acid may disappear, hut if a few drops 
more of the acid be added, the precipitate will again 
separate, aud remain inaoluble. If both heat and nitric 
acid cause a white precipitate, there can bo no doubt of 
the presence of albumen, 

141a, The coagulum maybe further tested hy Milton's 
test, which consists in gently heating it with solution of 
nitrate of mercury (HgO|NOj) prepared by dissolving 
200 grains of mercury in 5 drachms of ordinary concen- 
trated nitric acid, with the aid of heat. Albumen ac- 
quires an intense red color when heated with this solu- 
tion, whilst norma! urine is only rendered faintly and 
transieDtly pink. Fibrin, casein, and other members of 
the same group of bodies (protein compounds) exhibit 
the same behavior. 

142. In testing for albumen, it must be borne in mind 
tliat, if the liquid is alkaline to test-paper, the albumen, 
though present, will probably not be coagulated on the 
application of heat, since coagulated albumen is readily 
soluble in alkaline solutions (135), On this account the 
arine should first be examined with turmeric or reddened 
litmus paper (277), and, if found to be alkaline, neutral- 
ized with nitric acid before boiling. 

14.J. It should also be remembered that when the al- 
bumen is present only in small quantity, the addition of 
a very slight excess of nitric acid may redissolve it, and 
thus lead to the supposition that the precipitate is phos- 
phatic. A few drops more of the acid, however, will 
instantly cause it to reappear, if albuminous; while, if 
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really phosphatic, no excess of the acid would cause it 
to do so * 

144. The peculiar casts of 
Fig- 18. urinary tubes, found in the 

urine of patients suffering 
from B right's disease, con- 
sisting of fibrinous or albu- 
Fibriuoascast. (Dr. G. Johnson.) ^inous matter, and entang- 
ling blood corpuscles, epithe- 
lium, and fatty globules, have usually the appearance 
shown in figure 18.f 

SECTION XTI. 

Urine containing Blood, 

145. Urine frequently contains, in addition to albumen, 
one or more of the other constituents of the blood (450), 
and is often more or less highly colored red or brown, 
by the presence of the corpuscles and red coloring mat- 
ter. When the fibrin, in its soluble form, is present, it 
usually coagulates spontaneously on cooling, and causes 
the urine to become more or less gelatinous soon after it 
is passed. This spontaneous coagulation on cooling may 
be considered of itself sufficient proof of the presence of 
the fibrin of the blood. 

146. The blood corpuscles may generally be detected 
both in the coagulum and also in the superincumbent 
fluid, when examined under the microscope (451) ; occa- 
sionally, however, they are almost entirely disintegrated, 
so that little or no trace of their characteristic form 
remains. They are sometimes found adhering together, 

* The result of these tests for albamen may be confirmed by acidu- 
lating another portion of urine with acetic acid, and adding ferrocya- 
nide of potassium (137). Chloride of mercury may be added to ano- 
ther portion (138). 

In a case of mollities ossium, an albuminoid substance has been 
observed in the urine, which was precipitated by nitric acid like albu-^ 
men, but the coagulum dissolved on heating, and reappeared as the 
solution cooled. Ferrooyanide of potassium also precipitated this 
substance. Tannic acid gave a precipitate in this urine. 

t The presence of inodite in the urine has been noticed in a case o. 
Blight's disease. 
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forming little thread-like afigrega- 
tioBa; but more frequently floating 
detached from each other, looking 
like little transparent rings (Fig. 

lit)- 

147. In urine containing blood, 
the albumen may in all cases he 
readily detected by the teats already 
mentioned (139) — viz,, heat and 
nitric acid ; but when any of the 
coloring matter of the blood is also 
present, it wil! coagulate with the albumen, giving thw' 
coagulum a more or leas decided red or browa color. 

SECTION Xill. 
Urine containing Biliary mailer.* 

148. When biliary matter is present in urinei+itgene-* 
rally gives a more or Icaa decided yellowish-brown color, * 
both to the liquid and also to any sediment that may he 
deposited from it. The taste also of such urine ia remark- 
ably bitter— a peculiarity which furnishes a ready indi- 
cation of its presence when other testa are not at hand; 
tboogh it must not be implicitly relied on, since small J 
traces may exist in the secretion, without communicating I 
to it any very decided taste. 

149. PeUerikofer's lest. — Perhaps the best test for the 
presence of bile, ia that known as Pottenkofer'a. If the 
orine contains albumen, it should first be freed from that 
sabatance by coagulation and filtrution (135, 151); be- 
caDse albumen, when present in considerable quantity, 
would give, with sulphuric acid and sugar, a color re- 
sembling that caused by bile. Dissolve a grain or two 
of white sugar in the urine to be tested, and add, drop 
by drop, about two-thirds of its volume of strong sul- 
phuric acid. If biliary matter be present, a very distinct 
and characteristic violet-red color will be produced, which . 

* A littla ox-gall tas.j he added to the urine foi the purpose of &p-« 
plyliig the tests. r 

t AooonUijg to Solierer, biliarj ooJoriug mailer is uceaaiou.iU^ pre- ' 
sent in henilliy iiriuH, 
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becomes redder and more intense on the application of 
heat. A very small quantity of the biliary matter re- 
sponds to this test ; but a still more delicate mode of ap- 
plying it consists in mixing the urine with a single drop 
of dilute sulphuric acid (1 part of acid to 4 of water), 
adding a trace of a solution of sugar, containing 10 per 
cent., and evaporating at a gentle heat, when the violet 
color becomes evident. 

150. When the quantity of bile is small, it is advisable, 
before applying the test, to concentrate the urine by eva- 
poration. For this purpose it is first boiled, in order to 
coagulate any albumen that may be present (151), and 
afterwards evaporated nearly to dryness on a water-bath. 
The residue is then treated with a small quantity of boil- 
ing water or alcohol ; and the solution thus formed, con- 
taining any biliary matter that may be present, is allowed 
to cool and tested as above. 

151. The experiment known as Hellerh test is made as 
follows : Mix with a little of the suspected urine a few 
drops of the serum of blood or white of egg, or of any 
liquid containing albumen in solution ; and having shaken 
them well together, add a slight excess of nitric acid, 
which will cause the precipitation of the albumen (186). 
If bile is present, the coagulum thrown down by the acid 
will have a more or less distinct dull green or bluish 
color, quite different from the white or pale fawn color 
which it would otherwise have. When only a small 
quantity of biliary matter is present, the urine may be 
concentrated, as in Pettenkofer's test (150), the serum or 
white of egg being subsequently added to the cold con- 
centrated aqueous solution of the evaporated residue. 

152. QmelirHs test, — Pour a few drops of the suspected 
urine upon a clean white plate or dish, so as to form a 
thin layer of the liquid, and then carefully drop into the 
centre, with a pipette, five or six drops of nitric acid. 
When bile is present in any considerable quantity, the 
liquid becomes successively pale green, violet, pink, and 
yellow, the color rapidly changing as the acid mixes with 
the urine. When the bile is present only in small quan- 
tity, these colors are not distinctly visible ; but unless 
the proportion is very minute, a greenish tint is generally 
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perceptible. On concentrating the urine by evaporation,! 
the appearance may be seen to greater advantage when ' 
only small traces of bile are present (150), The action of 
this test appears to depend on the presence of the pecu- 
liar brown coloring matter of bile, called biliphiein, or 
cholepyrrhiu,* 

SECTION xrv. 

Urine containing Pus. 

15S. Pus is a substance which in many respects cloaelvl 
resembles mucus, both in ita behavior with reagents, ana'T 
still more in ita appearance under tlie microscope; a 
that it is not always easy to distinguish between them ; 
and when mixed together in the urine, it is frequently 
quite impossible to say with certainty 
whether or not both are present. Like 
iDQCus, it consists of minute round i 
oval granular corpuscles (Fig. 20), 
floating in the fluid, from which they 
separate on standing, and gradually 
sink to the bottom. These form, in 
urine containing pus, a pale greenish- 
yellow or cream-colored layer, at the 
bottom of the fluid; and, if shaken, the 
sediment readily breaks up, and dilluses itself throughj 
the liquid, again gradually subsiding to the bottom wheaJ 
allowed to stand. If the urine, however, be decidedly! 
alkaline, the character of the purulent d 
and it assumes nearly the same appearance as mucus! 
(251, 680). 

164. Urine containing pus ia met with sometim 
tral, acid, and alkaline. It always contains albumen in^ 
solution, which may be recognized in the filtered urine' 
by the usual tests, heat and nitric acid (liS9). This albu- 
men is derived from the liquor puns, in which it is always 



oeernl modificatioa of this test, wbloh co 
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Fig. 21. 



present (254, 677). The absence of albumen, therefore, 
in the urine, may be considered as a strong indication of 
the absence of pus; though the presence of albumen is of 
itself no kind of proof of the existence of pus, since it 
may be derived from other independent sources. Traces 
of blood are by no means unfrequent in purulent urine, 
giving the sediment a brown or reddish color (145). 

155. The chemical and microscopic characters of pus, 
and the modes of distinguishing it from mucus, will be 
more fully described further on (247 to 258, 674). 

156. The peculiar granular cor- 
puscles, which have been called large 
organic globules^ and which are not 
un frequently met with in certain 
conditions of the urine, especially in 
that of pregnant women, closely re- 
semble the corpuscles of mucus and 
pus, being granular on the exterior, 
and, on the addition of acetic acid, 
develop internal nuclei. They are, 
however, larger, and are unaccom- 
panied by the albuminous and viscid 
fluids, which are characteristic respectively of pus and 
mucus (676, 661). The general appearance is shown in 




Large Organic Globnles, 
magnified 400 diameters. 



Fig. 21. 



Fig. 22. 




Small Organic Globules. 



157. The smaller circular bodies, 
which have been occasionally, though 
much more rarely, found in certain 
morbid conditions of the secretion, 
and called small organic globules^ 
are represented in Fig. 22. They 
are spherical and smooth on the 
surface, no appearance of granular 
structure being apparent, and con- 
siderably smaller than the large 
organic globules (156). They are 
unaffected by acetic acid. 
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Urine containing Fai and Chylous matter. 

158. Urine contaioiog fatty or clijloua matter ia usually 
mora or less turbid, and frequently has an almost milky 
appearance. Little is known as to the precise nature of 
the fatty matter which is thus occasionally met with in 
urine, though it is probable that its composition varies 
with the circumstances under which it is formed. It 
sometimes exists associated with albumen and chylous 
matter, sometimes alone. Numerous minute oily globules 
may in many cases be seen under the nnicroscope (325), 
but it is of\en so intimately mixed with the albuminous 
matter also present, forming a kind of emulsion, that no 
trace of oily globules can be detected even with a high 
magnifying power. In such cases, the urine may be 
agitated with a little ether, which will dissolve the fat; 
and the ethereal solution thus formed will separate from 
the watery liquid, forming a distinct stratum floating on 
the surface. If the ethereal solutiou be evaporated at a 
geutle heat, the fat will be left, and may be readily re- 
cognized by the physical peculiarities of fatty substances ; 
such as immiscibility with water ; breaking up into 
minute globules when agitated with hot water, &c. Fibrin 
is said to be discoverable in urine of this description. 

Chylous urine frequently contains minute rouud cor- 
puscles, resembling the white globules of the blood or 
lymph, which at first sight have a good deal the appear- 
ance of oil globules, for which they have probably been, 
in some cases mistaken. Their insolubility in etbe 
however, shows that they are not always composed < 
fatty matter. 

159, The peculiar form of mucilaginous or caseoua 
matter, usually present in the urine of pregnancy, and 
which has received the name of Kiestein, gives the urine 
containing it a cloudy appearance; and after the lapse 
of a few days, gradually forms on the surface a more or 
less shining pellicle, which in three or four days, as the 
arine becomes ammoniacal, breaks up into minute par- 
ticles, which subside to the bottom. When examined 
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under the microscope, the pellicle is found to consist of 
minute granular particles, usually mixed with great 
numbers of prismatic crystals of triple phosphate (44), to 
which latter the peculiar shining appearance, somewhat 
resembling spermaceti, seems to be due. A few globules 
of oily matter, resembling butter, are also occasionally 
present* 

Cholesterin has been found in urine in Bright's dis- 
ease by Dr. Beale. 

SECTION XVI. 
Urine containing Semen, 

160. When semen is present in urine, it may easily be 
detected under the microscope, by the appearance of mi- 
nute animalcules, always 

Fig- 23. found in the spermatic 

fluid, and hence called sper- 
matozoa. They are more 
or less oval in form, and 
are furnished with long 
and delicate tails, as shown 
in Fig. 23. These sper- 
matozoa, while in their 
native fluid, enjoy an ac- 
tive existence, and move 
about at will. In urine, 
however, unless a consi- 
derable quantity of pus is 

also present, they are never found alive, the secretion 

proving apparently fatal to them. 

161. In addition to the spermatozoa, there may gene- 
rally be recognized in seminal urine a few minute granular 
corpuscles, of a round or oval form (a. Fig. 28), and 
rather larger than the bodies of the animalcules. Traces 
of albumen also may generally de detected in urine con- 
taining semen (264). 

* Since Eiestein is not a definite substance, but merely a deposit 
of a fungoid growth together with triple phosphate, consequent upon 
the rapid alkalescence of the urine, it is not regarded as a conclusive 
evidence of pregnancy. 




Spermatoza, and Spermatic Granules, 
magnified 400 diameters. 
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SECTION XVII. 
Uritie f.nntaining Oxalate of Lime (CaOpC.Oj-f-aAq). 

162. Urine containing mncb oxalate of lime ia uauallj, 
thougli by no means always, of a dark amber, and often 
of a pale greenish, or citron color. It is in most caaea 
decidedly acid to test-paper, and ia frequently found to 
contain an unusually large quantity of epithelial debris. 
It often contains an excess of uric acid and urates, and 
almost invariably also an abnormally large quantity of 
urea. Its specific gravity ia not often materially different 
from that of the healthy secretion, viz., about 1020. 

163. Oxalate of lime appears to exist very frequently 
in urine, generally in the form of minute and well-defined 
octohedrai crystals (Fig. 2-1) ; but unless carefully looked 
for it may readily escape detection, owing to the crystals, 
which are very transparent, liaving almost exactly the 
Mme refractive power as the urine itself, so that it ia not 
always easy to distinguish them as theySoat in the liquid. 
The crystals have also nearly the same specific gravity 
as urine, in consequence of which they generally remain 
auspended in the fluid some considerable time, before 
they form a sedimentary deposit at the bottom of the con- 
taining vessel. 

164. The best way of detecting them ia to allow the 
urine suspected to contain them to stand a few hours, 
that the oxalate may, in some measure, subside; though 
frequently it remains several days without doing ho com- 
pletely, in which case the urine may be passed through 
a filter, when most of llie crystals will be retained by the 
paper, and may be warmed with a little distilled water, 
in the manner described below (165). The greater part 
of the liquid is then carefully poured off, and the lower 
stratum is placed inawatch-glaassor small porcelain dish 
and gently heated over a lamp. In this way the liquid 
will become specifically lighter, and in consequence, the 
crystals, if present, will gradually subside to the bottom, 
especially if a slight rotatory motion be given to the 
liqaid. It is now allowed to stand a fisw minutes, and 
the clear liquid ia carefully poured oft^ or removed by 
means of a pii>etle. 
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165. A little distilled water may now be added, when 
the sediment will become much more distinctly visible, 
owing to the refractive power of the water diflFering more 
decidedly from that of the crystals. The mixture is 
again heated, when any urate of ammonia, which is often 
also present, will be dissolved ; and by pouring off the 
liquid, after standing a few minutes, the crystals will be 
left at the bottom, and may be removed for the purpose 
of microscopic examination, or for testing with reagents. 

166. Oxalate of lime, 
Fig- 24. as found in the urine, 

'^ l^w ^^ usually in the form 

^ ^ 1^^ ^ ^t0f!k ^^ beautifully defined 




o ^S^^ \^^^^^ octohedral crystals 
,^fe ^^tfB JBi ^J^*^ (Fig. 24), of sizes vary- 

tti ' * dtt J^ ^ ^°^ ^^^^ "^^^^^ yeVtjth 
• M^ ^ L^^tfL ^^ ^^ ^^ ^^ diameter. 

" D vS^ When examined with 

Octohedral Crystals of Oxalate of Lime. polaHzcd light, thcSC 

octohedra will be found 
to have little or no action upon it, and remain invisible, 
or nearly so, when the field is dark. 

167. When allowed to dry upon 

Fig. 25. the glass, each crystal appears under 

J< £f ^^^ microscope, especially if the mag- 

▼ P^^Y nifying power is not very high, like 

n^^ ^^ a black cube, having in the centre a 

^^^CL small white square opening, as shown 

■■ O ^ in Fig. 25. This curious appearance 

■■ ^ is owing to the rays of light, from the 

Octohedra of Oxalate of greater part of the crystal being re- 

Lime ; seen when dry. fractcd bcyond the field of vision. 

On again moistening them, the crys- 
tals reappear as before in their true octohedral form. 

168. Oxalate of lime is not unfrequently met with in 
the urine, having the forms shown in Fig. 26, more or 
less resembling dumb-bells, with finely striated surfaces. 
This form of oxalate-of-lime sediment, unlike the octo- 
hedral variety (166), appears beautifully colored and stri- 
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ated when examined witli polarized 

light* If these "dumb-beils" ba kept 

in any liquid medium for a length of 

time, they gradually pass into octo- 

hedra, which is their more natural 

form ; so that when it is wished to 

preserve the dumb-bells, they ahoiild 

be put up in balsam in which ihey 

will continue to retain their peculiar 

form. There are occasionally to be 

seen, also, mixed with the octohedra and diimb-bella, a 

few minute, flat, disk-shaped particles, having a good 

deal the appearance of blood-corpuacles (461), for which 

they may readily be mistaken ; they are, however, usually 

much smaller. 

169. Oxidate of lime is readily soluble, without efferves- 
cence, in dilute oitric and hydrochloric acids, from which 
it is again thrown down in the form of a white precipitate, 
when the acid solution is neutralized with ammonia or 
potash. 

170. It is insoluble in both cold and hot water; also 
in acetic and oxalic acids ; and in aolulion of potiish. 

171. When gently ignited before the blowpipe, it 
undergoes little or no blackening, and becomes converted 
into carbonate of lime (CaO.COJ, which, when treated 
with dilute hydrochloric or nitric acid, dissolves with 
effervescence (399). The solution thus obtained by dis- 
solving the carbonate in acid, gives, when neutralized, a 
white precipitate with oxalate of ammonia, but none with 
ammonia. If the oxalate be kept intensely heated for 
some little time before the blowpipe, the carbonate itself 
is decomposed, and caustic lime is formed (lOli.) 

• Dr. QoHing Bird imagined that the dumh-bella consisted, not of 
exatalf, but of axaluratf ot htno (CaO.CgHjNjO,). (Drinary Deposit*, 
foarth edition, p. 219), but liiii obsi^rratinn that oxalHte-oMiinu ual- 
ctili cDusiat otxou of aggregations of aimilar daub-bella renden BDcb 
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SECTION XVIII. 

Urine corUaining Cystine (CjHgNO^S^). 

172. Cystine has occasionally, though but rarely, been 
found both as a crystalline deposit in urine, and also in 

the form of small calculi ; in one of 

Fig. 27. which latter it was first discovered by 

(^ Dr. Wollaston. A deposit of cystine, 

(^ [0) ^ when examined under the microscope, 

^^^^ ^^ ^ usually appears as a mass of minute 

/&] {5) w^ irregularly formed crystals, having 
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® the appearance shown in Figure 27. 
To the naked eye, the deposit has a 
® good deal the appearance of pale fawn- 
cystine. colorcd uratc of ammonia (93), from 

which it may be readily distinguished 
by being insoluble, or nearly so, in warm water, and con- 
sequently not disappearing when the urine containing it 
is gently warmed (94). 

173. One of the most characteristic properties of cys- 
tine is the readiness with which it dissolves in ammonia. 
If a little of the ammoniacal solution, thus formed, be 
allowed to evaporate spontaneously on a slip of glass, the 
cystine is deposited in minute hexagonal crystals, having 
the form and appearance shown in Fig. 28. It must be 
remembered that occasionally chloride of sodium crys- 
tallizes in octohedral masses (Fig. 29), which in some 

Fig. 28. Fig. 29. 



Cystine Crystallized from Crystals of Chloride of So- 

an Ammoniacal solution. dium, resembling Cystine. 

positions may have at first sight very much the appear- 
ance of cystine. The ready solubility of the chloride in 
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water is, however, sufficieDt to prevent such a mistake. 
The crystals of cystine, too, when examined with polar- 
ized light, appear beautifully colored, unless very thick, 
which is not the case with chloride of sodium. The tri- 
angular crystals of triple phosphate (44), which in some 
positions somewhat resemble cystine, may be at once 
distinguished by their ready solubility in dilute acida 
(49, 174). 

174. Cystine is insoluble in a solution of carbonate of 
ammonia, but soluble in the Qxed alkaline carbonates. 
It 18 very sparingly soluble in water, even when warmed, 
and insoluble, or nearly so, in alcohol. In acetic acid it 
is insoluble, but may be dissolved in nitric and hydro- 
chloric acids. 

175. Urine containing cystine has usually a somewhat 
paler color than the healthy secretion, with occasionally 
& greenish tint Its specific gravity is most commonly 
rather low. It may generally be distinguished, when 
fresh, by a peculiar and slightly aromatic Bmell, a good 
deal resembling that of sweet brier; this gradually gives 
place to a fetid, disagreeable odor, owing to the occur- 
rence of putrefactive decomposition. 

176. Cystic urine is, in most cases, slightly turbid when 
passed, and becomes considerably more so as it cools, the 
cystine being less soluble in the cold liquid. A small 
quantity of the cystine, however, is still held in solution, 
and may be precipitated by adding a little acetic acid t 
the filtered urine. 

SECTION XIX. 

Urine containing Iodine and other foreign mailers. 

177. When the compounds of iodine, as the iodide of ] 
potassium, are taken internally, it is generally found that 
nearly the whole of the iodine is carried ofl' by the kid- 
neys, and may be detected, in some form of combination, 
in the urine. It may readily be identified by adding to 
the secretion a drop or two of yellow nitric acid or very 
weak chlorine water, and then testing with a solution 
of starch ; when, if iodine is present, the liquid will 
assume a more or less intense purple color [HOT, 810). " 
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178. Many other substances, taken into the system 
either as food or medicinally, pass into the urine un- 
changed, and may frequently be distinguished by their 
peculiar properties. This is especially the case with 
many of the vegetable coloring matters, as those of indi- 
go,* madder, beetroot, gamboge, logwood, &c. Some of 
these may occasionally give rise to the suspicion of the 
presence of blood, but their real nature may generally be 
ascertained by examination under the microscope. 

179. Besides these coloring matters, various other sub- 
stances, both organic and inorganic, are occasionally 
found in urine. Thus, when any metallic preparation 
has been taken internally, traces of the metal, in some 
state of combination, may usually be found. The inor- 
ganic, and some of the organic acids also, are frequently 
to be detected ; though, when neutral salts of the latter 
have been taken, carbonates of the bases are more usually 
found. In addition to these, the odorous principles of 
many vegetables appear to pass off unchanged in the 
urine, where they may often be recognized by their pecu- 
liar smell. 



CHAPTER Y. 

EXAMINATION OF URINE SUSPECTED TO CONTAIN EITHER 
AN UNNATURAL PROPORTION OF SOME ONE OR MORE 
OF THE USUAL INGREDIENTS, OR ELSE SOME ABNORMAL 
MATTER. 

180. It often happens, that, owing to some peculiarity 
of color and appearance, either of the liquid or sedimen- 
tary portion of morbid urine, or from some other circum- 
stance, such as its high specific gravity, we are led to 
form some conjecture as to its real nature. When such 
is the case, one or two well-selected experiments, such as 
those about to be described, will generally be found sufii- 

* A deposit of indigo has been found in the nrine iu cases in which 
that substance had not been taken into the system. 



Fig. 30. 
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cient to decide whether or not the suapected pecuiiarityl 
really exists. When, however, the observer ia unable t 
form a tolerably strong opinion aa to thenature of thai 
urine be is about to exiimine, he had better proceed bo.M 
test it according to the directions given in Chapter VI. 



Examination of Urine suspected to contain Urea in abnormal | 
quaniiti/. 

181. When the presence of an excess of urea ia sua-J 
peoted, either on account of the high specific gravity of j 
the urine (301), or from any other cause, a drop 
of the liquid should be placed on a slip of glj 
mixed with about an ec[ua! quan- 
tity of pure colorless nitric acid. 
If the urea ia present in large 
excess, there will probably be a 
deposition of minute rhoraboidal 
crystals of the nitrate in the course 
of a few minutea (Fig. 30), and if 
no trace of crystallization is visi- 
ble to the naked eye, the mixture 
should be examined under the 
microscope. If no crystals appear 
in the course of half an hour or 
an hour, a few drops of the urine 
may be slightly concentrated by 
evaporation on a slip of glass, at 
a gentle beat; and when cool, Kiirauodrrea, 

mixed as before, with an equal 

quantity of nitric acid. Crystals of the nitrate will now 
separate if any considerable quantity of urea is contained 
in the urine ; and from the rapidity with which the crys- 
tala form, together with their abundance, the student will 
be able, after a little practice, to form a tolerably accu- 
rate opinioQ aa to the relative amount of urea present in 
the urine. If a microscope is not at hand, the experiment 
may be made, though less delicately, without it. It 
must be remembered, that viiriationa in the atmospheric 
temperature afl'ect the crystal lizatiou of this salt very 
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materially; in cold weather, a specimeu of urine will 
consequently often be found to afford an abundant crop 
of crystals, which, in warm weather, would furnish little 
or none. For this reason it is often advisable to cool the 
mixture artificially, by immersing the glass containing it, 
either in cold water or a freezing mixture : which latter 
may be readily made by mixing a little pounded nitrate 
of ammonia with an equal weight of water. The nitric 
acid may very conveniently be added to the urine in a 
thin watch-glass in which it has been previously cooled 
by floating the glass upon water. Very brilliant leaf- 
lets of the nitrate will be deposited if excess of urea be 
present. 

Quantitative Estimation of the Urea, 

182. Liehig's Method. — This is founded on the circum- 
stance that urea is capable of combining with nitric acid 
and peroxide of mercury, to form a nearly insoluble 
compound (Cj^H^NjOj^NO^jiHgO), which is immediately 
precipitated when a solution of urea is mixed with a 
solution of nitrate of mercury containing no free acid. 
But since this reaction does not take place with the 
bichloride of mercury which is formed, by double decom- 
position, when the nitrate of mercury is added to urine 
containing chloride of sodium, it is necessary to remove 
the chlorine previously to determining the urea ; or a 
larger quantity of the mercury-solution would be em- 
ployed than was necessary to precipitate the urea. The 
removal of the chlorine is effected by means of nitrate of 
silver, its quantity having been previously determined 
by an ingenious application of the principle above stated, 
that nitrate of mercury will not precipitate urea, in the 
presence of common salt, until a sufficient quantity of 
the mercury-salt has been added to convert all the chlo- 
ride of sodium into nitrate of soda. • 

The test solutions required for this purpose are : — 

The solution of nitrate of mercury, No. 1, for deter- 
mining the chlorine ; 

The solution of nitrate of silver for removing the chlo- 
rine : 



leroury, No. 2, Tor doler-a 



The solution of nitn 
tniniog the urea. 

Preparation of Ike soliilw?i of Nitrate of Mercury, No. Ij 
employed for determining Hie Gklortne. — Pure crystals < 
protonitrate of mercury are dissolved in moderatelyi 
Rtrong nitric add, and the solution heated until a samplsj 
is no longer rendered turbid by chloride of sodiu 
solution is evaporated, on a water-bath, to a syrupy coO" 
eistence, and diluted with about 10 times its bulk < ' 
wal«r; it is then set aside for twenty-four hours, and, if 
necessary filtered.* In order to graduate the solution, it ia 
requisite to prepare a saturated solution of common salt; 
pure chloride of sodium {colorless rock salt) is powdered, 
and digested with water (at the ordinary temperature) 
for twenty-four hours, with occasional shaking ; so much 
salt must be employed that a considerable quantity may 
remain undissoWed.f One hundred and fifty grain-mea- 
Bnres of this solution (=»47'76 grs. ofchloride of sodium) 
are poured into a small beaker, and mixed with 45 grs. 
of a solution of urea (containing about 4 per cent, of 
urea), and with 75 grs. of a cold saturated solution of 
pure sulphate of soda; to this mixture the solution of 
nitrate of mercury is added, from a burette, with con- 
stant stirring, until a distinct precipitate ia permanently 
formed.^ The strength of the mercury-solution having 
been tiius ascertained, such a proportion of water must 
be added to it that 100 grain -measures may correspond 
to t gr. of chloride of sodium. 

Preparation of the solution of Nitrate of Silver employed 

* Ad easier prooesB (or the preparation of this solution oouaiata in 
adding Snelj pDwilered red oxide of nierour/ to moderstelj' strong 
nltrip &iiid, as long aa it ia disEolved. Au ounce of ordinary nitrio 
iwid (sp. gr. 1-42) will diaaolre 540 grs. of oxide of laetaatj, and tas.j 
tll«n li« dilutud ffllU !>2 oniiceB of wat«r. 

t One bUDdred grain-moaaurbs of tliia golntlon contain 31-S4 gra. of 
cbloridn of sodium. 

X II any orjstalline precipitate sLonId be formed, it may be redia- 
■olred by adding a little water. lu this proceaa the aulpbate of soda 
b added for two reasous ; flrntly, Iwoauae Iha oonipouod of nitrate of 
mercary and urea is less aolaliie in aaiine aolutiona (aa urine for ex- 
ample} tbaii in pare wat«r ; and, Buconilly, in order lliat the free nitrio 
acid in the nitrate of meroury may he ueutriliied by a portion of the 
soda from tbu sulphate, vrhluli ia lliua uouverttid into biaolpbate. 



98 



ESTIMATION OP UREA 



for rewoving the Chlorine. — 174'36 grs. of fused nitrate of 
silver are dissolved in water, and diluted till the solution 
amounts to 6000 grain-measures; 100 grain -measures of 
this solution are equal to one grain of the chloride. 

Preparation of the solution of Nitrate of Mercury^ No, 2, 
employed for determining the Urea, — A solution of nitrate 
of mercury is prepared, according to the directions given 
above, so as to contain about 25 grs. of nitrate of mer- 
cury in 180 grain-measures. In order to graduate this 
solution, 20 grs. of pure urea are dissolved in water, and 
diluted till the volume of the solution amounts to exactly 
1000 grs.; 150 grain-measures of this solution are poured 
into a beaker, and the mercury-solution is added from a 
burette till a few drops on a watch glass produce a dis- 
tinct yellow color with carbonate of soda. This should 
be the case after the addition of 300 grain-measures of 
the mercury solution, but if the latter be prepared of the 

above strength, less than that quantity 
Fig. 31. Fig. 32. will be required, and so much water must 

be added to the solution as will bring it 
to the proper standard ; thus, suppose 
only 2^h grain-measures had been used, 
then to every 296 grs. of the solution, 4 
grs. of water must be added ; 100 grs. of 
this solution correspond to 1 gr. of urea. 
For the expeditious determination of 
urea in urine, the analyst should be pro- 
vided with the following measures, accu- 
rately graduated, for the solutions em- 
ployed :* — 

1. A pipette (Fig. 31), with a mark upon 
the tube indicating the level at which 
225 grs. of distilled water would stand. 
This is employed for measuring the urine 
after precipitation with baryta. 

2. A burette (Fig. 32), capable of con- 
taining 100 grs. of distilled water, for 

the mercurial solution. No. 1. This should be gra- 
duated as accurately as possible. 
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A Pipette. A Burette. 



* These may be obtained from Negretti & Zambra, 11, Hatton 
Garden. * 
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3, A tall narrow glass measure, capable of containing 
1000 gra. of distilletl water, 

i. A graduated burette, coataining 1000 grs., for the 
mercurial solution, No 2. 

Having the test solutions ready prepared, it ifl "^ 
necessary, before determining the urea in urine, to re- 
move the phosphoric acid, which is effected by me: 
of a mixture of 2 vols, of cold saturated baryta-water, 
and 1 vol. of a cold saturated solution of nitrate of 
baryta.* A glass cylinder, of about I oz. capacity, ia 
filled to overflowing with urine, the excess being mada I 
to flow off by covering the cylinder with a glass plate; 
two such cylinderfuls are poured into a beaker, and mixed 
with one cylinderful of the baryta-solution ; the preci- 
pitate is SItered off, and theamount of chloride of sodium 
contained in 225 grain-meaaurea of the filtrate (=150 
gra. of nrine) ia then determined by slightly acidulating 
with tritric acid, and adding the standard solution of 
mereury, Nn. 1, till the appearance of a cloudiness ; 450 
gra. more of th» filtrate (=300 grs. of urine), are then 
measured off, acidulated with nitric acid, and mixed with 
a quantity of the standard solution of silver equal to 
twice that of the mercury solution employed in the pre- 
ceding experiment; the liquid ia filtered, and half the 
sum of the mixed liquors is taken for the determination 
of the urea. This quantity (=150 "re. of urine), ia 
poured into a beaker, and the graduated mercurial solu- 
tion, No. 2, added from a burette, with frequent atirring, 
until no further increaae of the precipitate is perceptible 
to ascertain if sufficient of the mercury solution haa 
been added, a few drops of the turbid liquid are removed 
with a pipette into a watch-glass, and a few drops of car- 
bonate of soda carefully added down the edge of the 
glass;+ ifj after some minutes, the mixture retain its 

♦ The former to nflutralize tha free acid nf the nrino, tha latter lo 
decompnae the alkaline pho^phittes. If much nunnonia be pruaunt In 
tbe urine, it ninst be expel lerl liy evaporation, witli nnuKoeas of baryta, 
en the waler-b.ith, as It would interfure with the determination of the 

t It iB a good plan to place a row of drops ofuarboDate ofaodaapon 
8 glilSB plate, and to add, from time lo time, a drop of the Uijuid iiiidur 
— mination, until il begins to give a yellow tiuge. 
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white color, a further quantity of the mercury solution 
is to be added, until a fresh sample exhibits plainly the 
yellow color after the addition of carbonate of soda. 
The number of grains employed is then read off, and 
the amount of urea calculated, 100 grs. of the mercurial 
solution corresponding to one grain of urea.** 

183. The absolute quantity of urea present in urine, 
may also be roughly ascertained by evaporating 1000 
grains of the urine to dryness on a water-bath, in a 
counterpoised porcelain dish, and treating the residue in 
the manner described in paragraphs 52 to 56, or by pre- 
cipitating the concentrated urine (500 grs.) with nitric 
acid (16), and weighing the nitrate after washing with 
very cold water, and drying at 212°. 

IbSa. A very simple method of determining the pro- 
portion of urea in urine consists in decomposing it by 
oxidation with a solution of chloride of soda (hypochlo- 
rite of soda), and measuring the nitrogen evolved.* 

Urea. Hypochlorite 

of soda. ■* 



C2H4N202+3(NaO,C10)=2C02+4HO+3NaCl+Na. 

To prepare the solution of hypochlorite of soda, 500 
grs. of good chloride of lime (bleaching powder) are 
stirred with boiling water, filtered, and the residue washed 
once or twice with the boiling water. 1000 grs. of crys- 
tallized carbonate of soda are dissolved in a little water 
and added to the solution, which is then filtered, and 
made up to 20 oz. with water. Before determining the 
urea in urine, the uric acid and some of the nitrogenized 
extractive matters must be precipitated by tribasic acetate 
of lead. 300 grain-measures of urine are mixed with 

* It has been found that in analyses of urine, when the amount of 
urea is increasing, an error is committed, tending to diminish the ap- 
parent amount of urea ; in order to remove this error, an addition has 
to be made — for 225 grain-measures of urine, and before the test is 
applied — of 7*5 grs. of water for every 15 grs. of solution of mercury 
which have been used over and above 450 grain-measures, in a pre- 
liminary determination. To obviate an error in the opposite direction, 
in the more dilute urines, a deduction has to be made of 1-5 grain- 
measure for every 75 grs. of mercury solution used less than 450 grs. 
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tribafiic acetate of lead till no fresh precipitate ia ob- 
tained; the solution ia boiled and filtered, the precipitiile 
being washed once or twice with water;* the filtrate und 
washings are mixed with a solution of 50 grs. of car- 
bonate of Boda in a little water, boiled, and again filtered, 
the precipitate being washed as before. One half of the 
cold filtrate and washings is introtiuced into a flask (ca- 
pable of holding from five to six ounces) which is then 
rapidly filled np to the brim with the solution of chloride 
of soda, 80 that when a cork is inserted, with a narrow 
bent tube for collecting the gas, the tube may be filled 
with the liquid, to the exclusion of air. The flask is 
then placed in a water-bath, with the tube dipping beneath 
the water in a pneumatic trough, so that the gas may be 
collected in a lube graduated to fractions of a cubic inch 
(Fig. 33), Heat is then applied to the water-bath, and 



Fig. 33. 
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after a minute or two. The flask is then removecl, the 
graduated tube sunk, as far as possible, in the trough, 
and when the temperature has fallen to 60° Fahr., the 
volume of the nitrogen* is carefully read off* being cor- 
rected, by calculation, for any deviation of the barometric 
pressure from thirty inches. 1*549 cubic inches of nitro- 
gen represent 1 gr. of urea.* 

If ammonia be present in the urine, its nitrogen being 
evolved, will increase the apparent amount of the urea. 
After the experiment, the liquid in the flask should be 
tested with a little sulphuric acid, to ascertain (from the 
evolution of chlorine) that an excess of chloride of soda 
was present.t 

The same principle may be more easily, though less 
accurately, applied in the following manner (E. Davy). 
A measuring tube twelve or fourteen inches long is pro- 
vided, easily closed by the thumb, and graduated to tenths 
and hundredths of a cubic inch. This tube is filled rather 
more than one-third full of mercury, and a measured 
quantity (50 or 60 grs.) of urine poured into it. The 
tube is then quickly filled to the brim with solution of 
chloride of soda, closed by the thumb, and inverted 
under a saturated solution of common salt (which, being 
heavier than the solution in the tube, prevents its escape) 
contained in a small mortar. The tube is allowed to 
stand for three or four hours, or until the volume of the 
nitrogen ceases to increase, and the amount of urea is then 
calculated as above. In this process, the carbonic acid 
is retained by the excess of chloride of soda employed. 

184. When it is suspected that the urea is present in 
smaller quantity than in the healthy secretion, or is even 
altogether absent, 2000 grs. of the urine are to be evapo- 
rated to dryness on a water-bath, and the dry residue 
well stirred with successive small quantities of alcohol, 
which will dissolve any traces of urea that may be pre- 
sent. The alcoholic solution is then to be evaporated to 

* The carbonic acid having been retained hy the large excess of 
carbonate of soda employed. 

t This method of estimating urea was devised by Leconte. 
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dryness on a water-bath, and the residue which it leavei 
is afterwards Ireiited in the manner described in paraJ 
graphs 341 and 342, in order to separate the whole of lha« 
urea, which may, if necessary, be weighed. 



Examination of Urine suspected to contain Uric {or Lilhicym 
Acid in abnormal quantity. 

185. "When urine ia suspected to contain an excess ( 
uric acid, it may be examined in the following manner.J 
Pour off the clear liquid from any solid deposit that mayj 
have subsided to the bottom, and retain both the sotic^ 
and liquid portions for examination. 

180. A little of the sediment is placed on a slip i 
glass, and examined under the miscroacope ; when, if urid 
acid is present in it, either alone, or mixed with thed 
amorphous or rounded particles of urate of ammonia! 
(193), or other matters, it may be distinguished by its 
peculiar crystalline forms, moat of the modifications of 
which are shown in the annexed figure (Fig. 34), 

187. If the sediment consists of uric acid, it will prove 
insolublewhen the liquid is warmed. Ifurate of ammonia 
ia also present, however, the latter will readily dissolve 
on the application of heat (192), leaving the crystalline 
uric acid unaft'ectfid. 

188. Uric-acid sediment is insoluble in dilute hydro- 
chloric aud acetic acids, hut dissolves readily in a solution 
of potash, owing to the formation of the soluble urate of 
potash (22). 

189. VVifien uric acid ia moistened with a little tolerably 
Btrong nitric acid, and the residue, after evaporation at a 
gentle heat, is treated, when cold, with a drop or two of 
ammonia, or exposed to ammoniacal fumes, a beautiful 
purple color ia developed, owing to the formation of 
murexide (•23). 

190. The clear urine, separated from the uric aci* 
sediment (185), being still saturated with the acid, th«j 
latter may be gradually precipitated by adding a fe* 
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ilrops of nitric or liydroclilo- 
ric aciii. The uric aeiil thus 
jirecipitated usually haa the 
crystiilline forms shown in 
the upper and middle part 
of the figure. 

191. When a deficiency 
of uric acid is suspected, the 
best way of ascertaining 
whether or not such is the 
cnse, is to filter one or two 
thousand grains of the urine, 
in order to separate the 
mucus and any other solid 
matter which it may con- 
tain, and which may be se- 
parately examined for uric 
acid under the miscroseope 
(I8ri), or with nitric acid 
and ammonia (189). The 
filtered urine is then evapo- 
rated nearly to dryness, on a 
water-bath, and the residue 
digested with dilute hydro- 
chloric acid, containing one 
part of strong acid to eight 
or ten of water. Any uric 
acid that may be present 
will thus be left undissolved, 
and may be examined under 
the microscope, or otherwise; 
and, if necessary, weighed, 
after being first dried at a 
tuinpentture of 212° on ji 
water- balh. 



SECTION III. 

Examination of Urine suspected lo contain an arccss of Urate 

(or Lilhate) of Amvwnia. 

192. When a sediment is suspected to consist, either 

wholly or partially, of urate of ammonia, a little of tlie 
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urine containing it is to be warmed over a spirit-lampJ 
If it consists of urate of ammonia unmixed with otiiei 
matters, it will readily dissolve as the liquid becom 
warm, and, on cooling, will be again precipitated. Whedl 
purpurine ia present (104), the urate will probably not^ 
dissolve quite bo readily on the application of beat as 
when it is unmixed with coloring matter, 

193. Under the microscope, urate of ammonia appears 
S3 an ftmorpbous powder, frequently interspersed with 
minute round particles larger than the rest, some of which J 
are occasionally found adhering closely together. (See 
Fig. 11, paragraph 91.) More rarely, it is found in the-^ 
form of large masses, containing spicule (fig- 12, para- 
graph 92). 

194. It muat be remembered that phospbate-of-lime 
sediment uaually has a very similar appearance under 
the microscope (108), and may constiquently be mistalien 
for urate of ammonia, if the micro- 
scopic appearance alone be relied Tig. 3S. 
upon. All that is necessary, in 
order to distinguish between them, 
13 to add a drop of dilute hydro- ,.-7 »-'>-''»« i ■Vr-.-.j 
chloric acid to a little oP the de- f~/\^^^J^^ 
puait on a slip of glass. If it con- tj\/ -«rS^ 
siata of phosphates of time, it will ij^r^^'*^<@? 
instantly dissolve on the addition ftai/^ *=* 

of the acid (49, S22); while, if urate ^*b/ 

of ammonia, it will be acted on much urio Acid. 

more slowly, and in a short time mi- 
nute crystals of uric acid (Fig. 35) will gradually appear, • 
having been displaced from the urate by the action of 
the hydrochloric acid (196), 

195. When uric acid coexists in a sediment with urate 
of ammonia, which is of very common occurrence, it 
may be distinguished under the microscope, by its crys- 
talline forms (IStl). The uric acid would also be left un- 
dissolved when the liquid ia warmed, and may then, if 
Decessary,be separated by filtration, and further examined. 

196. Urate of ammonia deposits are not unfrequently 
found mixed with the earthy phosphates, eayecially •nVx'ia 
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the urine has at all an alkaline reaction. These will be 
left undissolved when the liquid is warmed, and may be 
examined under the microscope, and tested with dilute 
hydrochloric acid (317, 322). 

197. When albumen is present in urine containing a 
sediment which is supposed to consist of urate of ammonia, 
it may, by coagulating when heated, disguise the solubility 
of the urate, and thus lead to an erroneous opinion as to 
the nature of the deposit. If, however, the heat be applied 
very gradually, the urate of ammonia will be found to 
dissolve some time before any of the albumen coagulates ; 
so that, with care, this source of error may be avoided. 
Or if the urine has been inadvertently allowed to boil, 
and a precipitation of albumen has taken place, the liquid 
may be filtered, while hot, and the clear filtered solution 
will, on cooling, again deposit the urate of ammonia; 
which may then, if necessary, be further examined (94, 
192). 

198. If pus or mucus be contained in the sediment, 
together with urate of ammonia, the urine will not become 
perfectly clear on the application of heat; nor will those 
substances dissolve on the addition of dilute hydrochloric 
acid. They may, however, be distinguished with the aid 
of the microscope (328, 329). 

199. When it is required to estimate the quantity of 
urate of ammonia in a urinary sediment, a portion of the 
latter, derived from a known quantity of the secretion, is 
to be boiled with water, and filtered while hot ; when the 
soluble urate will be separated from any uric acid, earthy 
phosphates, &c., that may be also present with it. The 
solution is then concentrated by evaporation at a gentle 
heat, and allowed to cool ; when the urate of ammonia will 
again separate in the solid form, and after drying on a 
water-bath, may be weighed. 

SECTION IV. 

Examination of Urine suspected to contain Urate (or Lithate) 

of Soda, 

200. When gently warmed, the deposit dissolves, like 
urate of ammonia, and reprecipitates on cooling. 
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201. Under the microscope, it usually appears in t 
form of small circular, and sometiinea semi-cryslallinffl 
grains, covered occasionally with irregularly forme**' 
spiculas, or granular protuberances, as shown in Fig, ; 
paragraph 96. 

202. Wheu ignited before the blowpipe on platinuni'B 
foil, it leaves an abundant white fusible residue of oar- 
bonateof soda, which ia readily soluble in water, forming 

a solution which is strongly alkaline to test-paper. 

203. If the ignited residue be treated, on a slip ofl 
glass, with a drop of dilute hydrochlo- 
ric acid, it dissolves with eft'ervescence, ^'B- 30. 
forming chloride of sodium ; which, if ^^ n •' ^ 
the liquid be expelled by gentle eva- ra ^ ^ 
poration, is gradually deposited in mi- ^° OtT^ ® 
nule cubical crystals, on the glass, and ^ ^ ^ 
may be easily recognized with a lens © S? D 

or a microscope (Pig. 36). *? ^ rt ^ 

204. Wlien a little of the deposit chi-M^ oX,i\Z« 
previous to ignition, is placed in adrup 

of. nitric acid on a slip of glass, and the residue, after J 
evaporation, treated with a little ammonia, in the mannerl 
described in paragraph 23, a purple eolor is devolopi 
nmilar to that caused under the same ciruumstances, witti^ 
uric acid and urate of ammonia. 

205. Urate of soda may be distinguished from urate of i 
ammonia, which in chemical properties it much resem- 
bles, by its microscopic appearance (91, 96) ; by not being 
entirely dissipated by ignition (202, 376); by giving no 
ammoniaoal fumes when warmed with a solution of po 
ash (377); and by the ignited residue yielding, wit 
hydrochloric acid, cubical crystals of chloride ofaodiun 
(203). 

gECTION V. 

Examinalion of Urine suspected io contain an ercess of 
Hippuric Acid. 

206. When urine is suspected to contain an excess < 
hippuric acid, an ounce or ao of the liquid is evaporateifl 
on a water-bath to the consistence of a syrup; which iu 
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then mixed with about half its bulk of strong hydrochlo- 
ric acid. 

The mixture is set aside, and examined after the lapse 
of a few hours. If any considerable excess of hippurio 
acid is present, it will gradually crystallize at the bottom 
of the di§h, in fine tufts of needle-like crystals, often 
colored pink by the admixture of purpurine, and having 
the form shown at a, Fig. 37. 



Fig. 37. 








Hipparic Acid. 

207. If the acid is present in smaller quantity, there 
may be merely a few detached microscopic needle-like or 
branched crystals, deposited here and there upon the 
glass, as shown at 6 in the figure. • 

208. Hippurio acid is readily soluble in alcohol; the 
alcoholic solution leaving, after evaporation, a crystalline 
residue, which has usually the appearance shown at c. 
Fig. 37. 

209. It is nearly insoluble in cold water, but readily 
soluble in hot. On cooling, the aqueous solution de- 
posits the acid in well-defined prismatic crystals, which 
are either detached, as in d (Fig. 37), or in tufts, as shown 
at a. These crystals form very beautiful objects under 
the microscope ; and when examined with polarized light, 
develop colors of great variety and brilliancy. 

SECTION VI. 
Examination of Urine suspected to contain an excess of Mucus. 

210. Mucous urine always deposits a viscid, tenacious 
mass, having an alkaline reaction (100), and consisting 
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cliieQy of mucua, ofben mixed with the earthy phosphates, 
oxalate of lime, and other matters. If the urine be 
shaken the deposit does not again mix uniformly with 
the liquid, but remains cohering in ropy masses, which 
are very characteristio. 

211. When, owing to the admixture of a large quan- 
tity of earthy phosphates, the deposit haa no longer the 
property of cohering together, the microscope must be 
resorted to, in order to determine whether or not mueh 
mucus is present; the appearance and abundance of the 
peculiar granular corpuselea (315, 328), furnishing a 
rough index of the quautity present. 

212. It is possible that pus may also be present, in 
which case, unless in very small quantity, it may gene- 
rally be detected in the manner described further on (247, 
258), where will be found the means of diatinguisning 
between pus and mucus. 

218, If it is wished to determine the amount of mucus 
contained in a deposit, in which it is mixed with earthy 
phosphates, urates, &c., the sediment must be filtered, and 
washed with a little boiling water, in order to dissolve 
out the urates; it may then be treated with a little very 
dilute hydrochloric acid, which will dissolve out the 
earthy pho.'^phatea, when the residue of mucua may, after 
careful washing and drying on a water-bath or in a hot- 
water oven, be weighed, 

SECTION VII. 

Examination of Urine suspecled to contain an abnormal 
jiroporlion of Exlractive Matter. 

214. It ia often of some importance to be able to idea- I 
tify the presence of an excess of the peculiar yellonf J 
coloring matter, of which the bulk of the extractive mat^ a 
terof urine appears to con.sist; and alsothat of purpurina,,! 
which is probably a morbid modification of the yellowj 
substance. 

Yellow Coloring Mailer. 

215. An excess of the yellow coloring matter may he 1 
recognized by boiling a little of the suspected urine, aad-1 

10 
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then adding to it a few drops of hydrochloric acid. A 
more or less intense red color is in this way produced; 
the intensity of the color indicating the comparative 
amount of the yellow coloring matter present. In healthy 
urine, a faint lilac or pinkish tint only is caused by the 
hydrochloric acid ; while, if the coloring matter is in 
large excess, an exceedingly intense crimson is produced. 

Purpurine, 

216. The presence of purpurine, or the red coloring 
matter so often met with in cases even of very slight de- 
rangement of the system, is easily ascertained. Owing 
to its solubility in water or urine, it is never met with as 
a deposit j)er se. 

217. Purpurine, however, has a remarkable tendency 
to unite with urate of ammonia (104), and whenever a 
deposit of that substance is formed in urine containing 
purpurine, the latter is invariably precipitated with it, 
giving the sediment, which would otherwise be white, or 
nearly so, a more or less decided pink or red color. 
When purpurine is present in a deposit of urate of am- 
monia, the latter is not so easily soluble in hot water, 
so that the red deposit does not disappear so readily on 
the application of heat, as when no purpurine is present 
(94). 

218. If a deposit of urates, colored with purpurine, be 
digested in warm dilute alcohol, the purpurine will dis- 
solve, leaving the deposit nearly colorless, and forming a 
solution of a yellowish-pink color. 

219. Urine containing purpurine, when no excess of 
urates is present, has a more or less decided pink or red 
color, which may appear at first sight very similar to 
blood. 

220. Purpurine may be distinguished from blood, when 
present in a sediment, by microscopic examination, when 
the true nature of the uric deposit will be at once appa- 
rent (318, 323), together with the absence of blood disks 
(330). When treated with warm alcohol also, the color- 
ing matter will be dissolved out (218). 

221. Purpurine when contained in solution in urine, 
may be precipitated by adding a little warm aqueous 
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solation of urate of ammonia, which will, on cooling^ 
separate from the liquid, carrying with it nearly thw 
whole of the coloring matter, forming a piuk deposit, and'l 
leaving the urine nearly colorless (217). 



SECTION viir. 

E.iaminalion of Urine svspecle.d to contain an abnormal 

proportion of Fixed Alkaline Sails. 

222. When an e.xcesaor deficiency of any of the Qxai\ 
alkaline salts is suspected to be present, a known weight 
of the urine may be taken, from which the proportion of 
the 8ub.>*tance in question is eatimateil in the manner de-,' 
Euribcd in Chapter II., paragraphs 6S to 84. 



E.r-amination of Urine suspecled to contain an abac 
propo}'lion of Earthy Pkosplmtes. 

223. If the auspeoted urine is neutral or alkaline tol 
test paper, a sediment of earthy phosphatas may be pre-J 
cipitated even in cases where they do not exiat in largepl 
proportion than in the healthy secretion ; so that thftl 
mere occurrence of a small phosphatic deposit ia not^ 
necessarib/ a proof of their excess (107). 

22-1. On warming tho urine, the sediment, if pho3phatio,J 
remains undissolved (94, 229).* I 

225. The earthy phosphates are readily soluble in most^ 
of the dilute acids, especially hydrochloric, nitric, 
acetic. 

226. If the acid solution thus formed be neutraliz 
or supersaturated with ammonia, the earthy phosphatotj 
are immediately reprecipitated (49ft). 

227. They are quite insoluble in potash, ammonia, andj 
the alkaline carbonates (49c). 

227«- When collected on a filter, washed with waterJ 
and moistened with nitrate of silver, the earthy phoa-J 
phates assume a bright yellow color. 



* 
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228. A deposit of earthy phospbatea may generally be 

iiiimHiliately recognized under the 

Fig- 38. iniuroscope. Thecrystalline forms 

^ p,^^ of ilie tiiple magnesian phosphate 

■%. '' K^~ ^ ln\t. becDalreadynoticed (44),and 

**"" -^ ■' are often mixed with the 

rj hous phosphate of lime (Fig. 

If a drop of dilute hydro- 

nc or acetic acid be added, 

while the sediment is ta the field 

of the microscope, the crystals will 

be seen rapidly to dissolve, leaving 

the liquid clear, unless uric acid or 

laome other matter insoluble in the acid be alao present 

I in the deposit. 

I 229. When urine, containing in solution an excess of 
earthy phosphates, is boiled, a portion of them is usually 
precipitated, giving the liquid a turbid appearance, re- 
sembling the coagulation of a small trace of albumen 
under similar circumstances (49, 139). It may readily ba 
distinguished from albumen, by adding a drop or two 
of dilute nitric or hydrochloric acid, which will immedi- 
ately redissolve the precipitate, if it consists of phosphates, 
but if albuminous, will not affect it. When the precipi- 
tate is found to dissolve on the addition of the 6rst drops 
of acid, it is advisable, before concluding that albumen 
is not present, to acidify the mixture more strongly, since 
the eoagulum of albumen, when very small in quantity, 
occasionally dissolves on the first application of acid, but 
is wholly reprecipitated on the addition of a few drops 
more of" the acid (140—143). 

230. If the absence or a deficiency of the earthy phos- 
phates ia suspected, the urine may be treated with a slight 
excess of ammonia, when, if no precipitate occurs, it may 
be inferred that they are either altogether absent or else 
present in very small quantity. 

231. In order to ascertain, in such a case, whether or 
not any traces of them are present, a pint or two of the 
urine may he evaporated to dryness, and the residue, 
after incineration, digested with dilute hydrochloric acid, 
which will dissolve out the earthy salts, if any are present. 
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The acid solution ihua obtnlneil ia then filtered, and 
BoperaiiturateJ with ammonia, when, if any earthy phos- 
phates are present, they will be thrown down in the IbrmJ 
of a white precipitate (49i). 

Quantitative determination of the Earthy Phosphates. 

232. When it is required to estimate the proportion of 
earthy phosphates in a deposit containing uric acid and 
other matters, a portion oi' the sediment, derived from a 
known quantity of urine, is first washed with a dilute 
solution of ammonia, and then digested with dilute 
hydrochloric acid, until the latter ceases to dissolve any- 
thing further. The acid solution of the earthy salts, thus 
obtained, is separated from the insoluble matter by filtra- 
tion, and then supersaturated with ammonia, which will 
throw down the whole of the earthy phosphates. The 
mixture after standing a short time, to allow the magna-.i 
sian phosphate wholly to separate, is to be filtered ; and! 
the precipitate, after drying at a gentle heat, is to bail 
weighed, when its weight will represent the amount oFi 
deposited earthy phosphates in the quantity of urine frotnl 
vfaioh it was derived. 

SECTIO^ X. 

JPxaviination of Urine suspected to contain Sugar. 

238. When urine is suspected to contain sugar, it may 
be examined by paragraphs 122 to laO. If any while 
Bcum or sediment is present, it should also be examined 
for the torula vesicles, under the mi^iroseope {13'i). 

234, The method of estimating the quantity of sugapj 
contained in diabetic urine will be fully described iaJ 
Chapter VJl. " 

SECTION SI. 
Examination of Urine swspectetl lo contain Album 

235. A little of the suspected urine is to be gently 
boiled in a test tube. If any albumen is present, it willj 
be coagulated, forming a more or less copious white 
deposit in the liquid. The precautions necessary for thai 
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success of this experiment have beea already noticed in 
paragraphs 139 to 143. 

236. To another portion of the urine add a few drops 
of nitric acid, observing the precautions mentioned in 
paragraph 143. If a precipitate or milkiness be pro- 
duced by the acid, and also by boiling (235), the presence 
of albumen in the urine may be considered certain (141). 

237. The proportion of albumen in urine may be 
estimated with tolerable accuracy by boiling a known 
quantity of the secretion, and separating the coagulum 
by filtration; the insoluble matter is then washed with a 
little dilute nitric or hydrochloric acid, in order to dis- 
solve out any earthy phosphates that may have been 
precipitated (140), dried on a chloride of calcium bath, 
at a temperature of 240° or 250°, and weighed. 

238. If the quantity of albumen is so small as not to 
form a tolerably decided coagulum when boiled, but only 
to render the liquid opalescent, it will be hardly necessary 
to proceed with the quantitative determination. 

239. The method of making a complete quantitative 
analysis of albuminous urine will be fully described in 
Chapter VII. 

SECTION XII. 
Examination of Urine suspected to contain Blood, 

240. When, from its peculiar red or brown color, or 
from other circumstances, the presence of blood is sus- 
pected in urine, it may first be examined under the 
microscope for any blood corpuscles that may be con- 
tained in it (146). If no coagula have separated (145), 
the liquid should be allowed to repose for a short time, 
in order to let the corpuscles subside to the bottom ; and 
a drop then taken from the bottom of the vessel will 
generally be found to contain an abundance of the cor- 
puscles, more or less modified in form and appearance 
(456). 

241. When so much blood is present as to give the 
urine a decidedly red color, it will probably be unnecessary 
to wait for the subsidence of the corpuscles; and a drop 
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of the liquid taken imliscriminatelyivili usually bo foaud 
to eorittiin suffiuienl for mi(jr<j3copic! exainiriution. 

242. If (he blood has coagulateii, either in the bladder 
or subsequent to eraisaion, it is most probable that tho 
greater portion of the blood corpuaulea will have been 
entangled in the coaguia, and may be forced out by gentle 
presRure under a strip of thin glass, so as to be made 
visible with the help of the mieroacope. 

243. The urine should also be tested for albumen by 
heat and nitric acid, in the manner already described 
(139—143). The coagulated albumen will probably, in 
this case, be more or laaa highly colored, owing to the 

freaeocB of the coloring matter of the blood (li7, 4.56). 
f the urine already contains coagula, or other solid 
matter, it should he separated from them by filtration, 
before being tested for albumen; as their presence would 
tend tomnak the appearance of coMgulalion. 

244. If the urine contains much blooii, it may probably 
become spontaneously gelatinous, owing to the coagula- 
tion of the dissolved fibrin (lib, Hb). This coaguluin 
should be examined under the mieroacope, since a some- 
what aimilur gelatinoua character might be occasioned 
by the presence ofa considerablequanlity of mucu9(10I) ; 
or, if the urine be alkaline, of pus (251, 680). Tho 
coagulum of fibrin, when preaaed between glasses, is 
usually found to be composed of minute amorphous 
particles, with a few red blood-corpuscles ; quite different 
in character from the granular mueua.corpu8c!es(l id, 328). 

245. Urine containing bile or pnrpurine (148, 104), has 
sometimes nearly the same color and appearance as when 
blood ia present, and may, without care, be inadvertently 
mistaken for it. If no trace of blood-corpuacles can be 
detected under the microscope, we should, before deciding 
that blood is preaent, prove that the color of the secretion 
is not due to purpurine, or biliary matter, by applying 
the testa described for the detection of those substaucea, 
in paragraphs 219—221, 24H, kc. 
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SECTION X[1I. 
Examination of Urine sunpecled to contain Biliary Matter. 

246. When urine ia suspected to contnin biliary matter, 
it may be examined by PeUbnkofer'a and Heller's testa, 
described in paragraphs 14iJ and 161. If these fail to 
afibrd indications of it in the urine, the latter should be 
concentrated by evaporation on a water-bath, and the 
strong aqueous or alcoholic aolulion of the evaporated 
residue again tested (150). 

SECTION XIV, 

Bxaviination of Urine suspected lo contain I'vs. 

2i7. When pus is contained in urine, unmixed with 
any considerable quantity of mucus, it may readily be 
distinguished under the microseope by its eontaioing the 
peculiar nucleated pus-graoulea (153, 67a). These parti- 
cles, when the urine is allowed to stand a short time, 
gradually subside to the bottom of the liquid ; and when 
shaken, again mis readily with the urine, in which 
respect a deposit of pus differs eaaentially from one of 
mucus; the latter forming, on agitation, tenacious ropy 
masses, which do not again mix uniformly with the 
liquid (99). 

248. As purulent deposits frequently appear to the 
naked eye very similar to those of the earthy phosphates, 
(106), and as it is often difficult to distinguish between 
pus and mucus when they coexist in a specimen of urine, 
I wdl mention the more characteristic tests by which 
purulent deposits may he most readily identified, 

249. It must be remembered that the form and general 
appearance of the pus- and mucus-corpuscles vary con- 
siderably under different pathological conditions of the 
patient; so that it is not unfrequently impossible to 
dislinguiah between them. The granules of pua appear, 
indeed, to be identical with those of mucus; the difference 
between the two substances being in the composition of 
the fluid in which the particles float (661, 676), 

^50. Under the microscope, with a power of about 400 



diameters, the pus-granules ^'S- 39- 

have the appearance repre- ^« ^^ j* *»*»*, 

seutod at a, Figure 39 ; and on Wf^V v99Q 
the addition oF a little dilute _®0®gB '? 0^ 

ocetio acid, they become much 0«^ ^ ^ &A 

more transparent, and in each ®^Pi^j O fiJfP 

corpuscle one or more internal 

nuclei are rendered visible, Pus-GraonUs, 

having the appearance shown 

at 6 in the figure. The granule or pus will be found to 

float about freely in the liquid (B78, 156). 

251. When the urine is alkaline, the character of the 
pus contained in it is different; being then thick and 
gelatinous, closely resembling mucus (65O). 

252. The granules of mucus present ulmoat precisely 
the Bame appearance under the microi^eope as those of 
pus, but are usually, perhaps, rather smaller, and less 
distinctly granular on the surface. The addition of dilute 
acetic aeid renders visible the interior nuelei, as in the 
case of pua (250). The acid, however, coagulatea the 
fluid portion of the mucus, owing, probably, to the pre- 
cipitation of the mucin, before held in solution by a small 
quantity of akali {tili3). In the case of urine containing 
only a small quantity of mucus, it is uncertain whether 
this phenomenon of coagulation will be seen, on account 
of the dilution of the mucous fluid, and also because the 
coagulation may have been already occasioned by the 
presence of the large quantity of water (t363). When, 
however, the quantity of mucus is tolerably abundant 
the coagulation by acetic acid furnishes a very character- 
istic reaction. 

253. The earthy phosphates, which to the naked eye 
sometimes closely resemble pns, may be at once distin- 
guished under the microscope by their cryatallioe form 
(43), and also by being readily soluble on the addition of 
dilute acetic acid (228.) 

254. The liipior puris, in which the pus-granules float, 
always contains albumen in solution (fitti). This may be 
readily detected by the tests of heat and nilriu acid, 
already described (139); unless, indeed, the quantity of 
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urine is so large, compared with that of the pus contained 
in it, as to have rendered it too dilute. 

255.'^The fluid portion of mucus, on the contrary, con- 
tains no albumen, or merely a minute trace (663), and 
consequently when diluted with urine undergoes no 
coagulation when heated, or tested with nitric acid. It 
is, however, very possible that urine containing an excess 
of mucus, and no pus, may also contain albumen ; so 
that the mere presence of albumen in the secretion is not 
necessarily a proof of the presence of pus (101). 

266. A certain quantity of fatty matter, readily soluble 
in ether, is always present in pus (676, 678), but seldom, 
and in much smaller proportion, in mucus (663). If, 
therefore, the deposit, or the residue after evaporation, be 
boiled with a little ether, and the ethereal solution thus 
obtained is found to yield, on evaporation, small globules 
of yellowish fat, it is probable that pus is present. 

257. A deposit of pus, when treated with a solution 
of ammonia or potash, becomes converted into a thick 
gelatinous mass, often sufficiently tenacious to allow the 
tube containing it to be inverted without any of the 
mixture flowing out. This reaction is very characteristic. 

258. Urine containino^ pus is most commonly either 
neutral or slightly acid, and becomes alkaline very 
slowly. Mucous urine, on the contrary, even if acid, 
when it is passed, quickly becomes ammoniacal, and alka- 
line to test-paper (100). Tubercular matter deposited in 
the urine might at first be mistaken for pus; a minute 
examination, however, will show ddbris of cells, and 
sometimes crystals of cholesterin. 

SECTION XV. 

Examination of Urine suspected to contain Fat or Chylous 

Matter. 

259. Urine suspected to contain fat, may be examined 
with a tolerable high power under the microscope, when 
it is occasionally found to contain minute oil-globules 
(158, 325). This, however, is not always the case ; so 
that the best way of proving the presence of fatty matter, 
is to agitate a little of the suspected urine with about half 



UORBID (JBINB 



11»4 



its bulk of ellier ; whicb will separate the fat from the I 
watery fluid, forming, usually, a yellowish solution, which [ 
gradually rises to the surface. The ethereal solution I 
thu8 obtained may then be cautiously evaporated ou a 
water-bath, when the fat or oily matter will, if present, 
be left behind; and may, if necessary, be tested as to its j 
oily nature, by shakiug up with hot water; when, if oil [ 
or fat, it will break up into minute globules, immiscible 
with the water (158). 

2fiO. Chylous urine is usually so peculiar in appearance 
that it can hardly be mistaken for any other morbid con- 
dition of the 8e;;retion. Under the microscope, it appears 
to be chiefly composed of amorphous albuminous matter 
in a minute state of division, mixed occasionally with 
globules resembling those found in the lymph and chyle. 
On agitation with ether, it will yield ahuodant traces of 
fatty matter, and distinct oily globules may occasionally ■ 
be distinguished. ' 

261. This form of urine always contains albumen in , 
solution, A portion of this, or more probably a little 
soluble fibrin (145), not unfrequently coagulates spoa- 
laneoualy after emission, giving the urine a gelatinous or ' 
semi-aolid consistence. The presence of albumen may 
be shown by applying to the urine, rendered clear by ' 
filtration, the tests of heat and nitric acid (235). 

262. If it is required to ascertain the quantity of fatty 1 
matter in any specimen of urine, a known weight of the I 
secretion may be agitated with successive small quantities 
of ether; and the ethereal solution thus obtained ■ 
leave, after evaporation, the fatty matter which it had 
dissolved. This is to be dried on a waterhulh until i 
ceaaea to lose weight. 

SECTION XVI. 
Examination of Urine suspected lo contain Semen. 

263. Microscopic examination is the only trustworthy I 
means of determining wliether or not any traces of semen I 
are contained in urine. The urine should be well shaken, 
and then left to stand a short time, in order to allow the i 
flocculi of mucus and spermatoaoa to subside. The greater | 
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pnrt of the fluid is then poured off", and a drop containing 
tbe sediment, taken from the bottom, and examined under 
the microscope, with a magnifying power of at Least four 
or five hundred diameters. If semen is present, the apor- 
matozon always contained in that secretion will then be 
visible (160), together, probably, with the peculiar semi- 
nal granules also found in the spermatic fluids (161). 

26i. Traces of albumen, also, may generally be detected 
in seminal urine, by the application of heat and nitric acid 
(235). 

SECTION xvn. 
Ej:aminal{(m of Urine suspected to contain Oxalate of Lime, 

265. When the presence of oxalate of Jime is suspected, 
the urine should be allowed to stand aome little time, in 
order that the sediment may partially subside. A little 
of the liquor taken from the bottom of the vessel is then 
treated iu the manner described in paragraph 164, and 
examined under the microscope ; when, if present, the 
oxalate will be seen in the form of octohedral crystals 
(166, 168), or of the dumb-bell shape. 

266. Oxalate of lime is insoluble in acetic acid, but 
dissolves without effervescence in dilute hydrochloric 
acid, and is again precipitated unchanged, when the acid 
solution is neutralized or supersaturated with ammonia 
or potash. 

267. If the oxalate of lime deposit he gently ignited, 
and the residue after ignition treated with dilute hydro- 
chloric acid, it will be found to dissolve with efierveacence, 
having been converted, during ignition, into the carbonate 
oflime(3tl9). 

26d, When it is required to estimate the amount of 
oxalate of lime sediment, it may, if unmixed with other 
deposits, be separated by filtration from a known quantity 
of urine, and weighed. When mixed with earthy phos- 
phates or urates, the deposit, after filtration, may be 
washed with a little dilute acetic acid to dissolve out the 
phosphates (49'') i ^"^^ mixture is then filtered, and the 
insoluble portion digested in dilute hydrochloric acid, 
whichwilldissulvetheoxalate of lime, leaving undissolved 
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any nrie acid that may be present. The acid solution ia 
then filtered, if neueasary, and supersaturated with am- 
monia ; by which the oxalate will be again precipitated. 
It may then be collected on a weighed filter, dried on a 
water-bath, and weighed. 

BKCTION xviir. 
Examination of Urine suspected lo contain Cystine.* 

269. The presence of cystine may generally be identi- 
fied by means of the microscope (172), especially after 
the deposit baa been dissolved in ammonia, and allowed 
to cryHtallize, either spontaneously or with the aid of a 
very gentle heat, from the ammoniacal solution (270). 

270. Treat a portion of the suspected deposit with a 
little solution of ammonia; if it is cystine, it will be 
ibund readily to dissolve. Place a drop of the ammoniacal 
liquid on a atrip of glass, and allow it to evaporate spon- 
taneously. Tlie peculiar hexagonal tabular crystals of 
cystine thus obtained, are very characteristic (173). 

271. Neutralize the rest of the ammoniacal solution 
formed in 270 with acetic acid; the cystine, if present, 
will be precipitated (174). 

272. Cystine may be distinguished from urate of am- 
monia, which it often closely resembles in external 
appearance, by being insoluble, or nearly so, when the 
urine containing it is warmed ; while urate of ammonia 
readily dissolves (172, 94). 

27iJ. It may be distinguished from the earthy phos- 
phates by its insolubility in acetic acid (174); by its 
appearance under the microscope (iJ17, 320); and also by 
its ready solubility in ammonia (173). From chloride 
of sodium, cystine may be distinguished by its sparing 
solubility in water (173). 

274. If cystine be boiled with a little caustic potash, 
and the aoliition tested with acetate of lend, a black 
precipitate of sulphide of lead will be produced j in 

* In esses nlipre cystine lias been excreted, it has geuerallj been 



EXAMINATION OF 



consequence of the large amount of suSpbur conlaiiied 
in the cystine (CoHaNO^S.).* 

SECTION XIX. 

Examination of Urine eii spec-led io conlain other foreign 
MtUtere not included in theforegtnng eeclions. 

275, When the presence of any other kind of foreign 
matter is auspected in the urine (ItiO), such as metallic 
salts, iodine, inorganic or organic acids, &a^ a few testa, 
such as hydrosulphuric acid, hydrosulphate of ammoDJa, 
&c., win generally lead to their detection without much 
difficulty. (See Parts IV" and V; nlso ray 'Introduction to 
Practical Chemistry,' Parts II and III.) If the suspected 
aubstauce ia organic, either the urine itself or the evapo- 
rated residue may be tested; but when a non-volatile 
inorganic substance is to be looked for, it is generally 
advisable to incinerate the evaporated residue, and test 
the ash for the substance in question. 
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276. WUEN a specimen of urine ia suspected to differ 
in some respect from the healthy secretioQ, it will gene^ 
rally be found easy, by means of a very few simple expe- 
riments, such as those which I am about to describe, 
only to ascertain whether or not such is the case, hui 
also to discover the nature of the particular morbid con- 
dition in question ; whether it be that one or more of the 
normal constituents of healthy urine ia present in an 

* AoeorAing to Btidalar, tyroaina (CuH, pNOj) liaa been fonn4 in tLa 
form of ft Bedinnjntin urine, in extreiuB dHraiigement of the lifer. It 
disiolTes in boiling water, and is deposited In fibroua crystals oij-oool- 
Ing. Its solution gives a red flououlent praoipitate Willi pemitrata of 
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atnormal proportion, or whether it be doe to the presence 
of acme aubstance which ia never found in the healthy 
secretion. In auch an examination, the microscope will 
be found to afford much valuable and ready aaaistance, 
the simple microscopic inspection of a deposit often ren- 
dering its true nature at once apparent. Whenever, 
therefore, the atudent has access to one, he wi!l do well 
to avail himself of it as much as possible; and he will 
soon find that, with a little experience, be will be able 
readily to discriminate between the more common forms 
of urinary deposits. 

For the method of distinguishing the several forms of 
deposit under the microscope, see paragraphs iilo to 3^2. 

SECTION I. 
Examinalion of Urine containing some solid Deponit. 

277. The urine maybe first tested with blue litmus 
paper, which should be allowed to remain for some time in 
the urine; if acid, the color will change to 
red, or reddiah purple. Should the blue 
color remain unchan=red, lest it with 
yellow turmeric or reddened litmus pa- 
per; if the urine ia alkaline — owing, pro- 
bably, to the conversion of urea into car- 
bonate of ammonia (11) — the turmeric will 
become brown, and the reddened litmus 
blue, while, if tlie color in both cases 
rem.iin unaltered, the urine may be con- 
sidered neutral, 

27H. The apecific gravity of the urine 
may then be taken. 

279. This is most readily done by means 
of the urinometer, which is a little instru- 
ment constructed on the principle of the 
hydrometer, the usual form of which is 
ehown in the annexed figure. The tube, when used, is 
simply immersed in the urine at the temperature of 60° 
Fahr.; and when it has come to rest, the number on the 
graduated scale, which stands at the level of the liquiil, 
when added to 1000, will represent the specific gravity 
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of the fluid. For example, if the level of tbe liquid 

stands at o on the scale, the specific grnvity of the uritio 
will be 1006; if at 30, it will be 1030, and so on (301). 

280. If a urinometeris not at hand, the specific gravity 
of the urine may be takeo by meaos of a bottle, or even 
with a small niece of glass.* 

281. The cfeposit may now be for thu moat part sepa- 
rated from the urine, by allowing it to subside for a 
short time in a tali glass, and then pouring off the clear 
liquid, or drawing it oft' with a syphon or pipette. The 
portion of urine containing the sediment in suspension 
may first be examined. Kor the mode of examining the 
clear liquid separated from it, see paragraphs ilOO to 31-i. 

Esamination of the Sdid Deposit 

282. If, owing to some characteristic peculiarity in the 
appearance of the deposit, or of the urine containing it, 
or from other circumstances, the observer has reason to 
suspect the nature of the sediment, he may at once pro- 
ceed to Apply tbe tests for the suspected substance, accord- 
ing to the directions given in Chapter V. At first, how- 
ever, and until he has had some little experience on the 
subject, he will do well to adopt some such method of 
examination as the following. 

^83. In ihe great majority of cases, the deposits con- 
tained in urine will be found to consist of one or other 
of the following substances — viz., earthy phosphates, uric 
acid, urate of soda or ammonia, or oxalate of lime; some- 
times alone, sometimes two or more mixed with each 
other, or with mucus or other matters. The first experi- 
ments, therefore, should be directed to the detection of 
these four substances. 

284, Put a little of the urine containing the deposit 
into a test tube, and warm it gently over a lamp. If it 
READILY DISSOLVES, it is probably ukate of soda or 
XUMONiA (192, 200); in which case one or two of the 
more characteristic tests for those substances may be 
applied, and the deposit may be examined under tbe 

* See Introduction to Practical Clieniistry, fourth edition, p. BS. 
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microscope, in order to confirm nr correct the first result. 
If purpurine is present with the urate, which mny be 
known by itapinli or reddish color, the deposit will pro- 
bably not dissolve so immediately on warming, as when 
the coloring matter is absent (ls^2). If the deposit does 
not dissolve when gently warmed, nor yet when heated 
nearly to boiling, it must be further tested as fullows, 

285. If THB deposit DOKS not I»lS:iOLVK WHEN 

WARMED, add to a few drops of the sedimentary urine in 
a test tube, a little acetic acid. 

286. If the deposit dissolves in acetic acid, it 
probably consists of earthy phosphates ; the nature of 
which, whether consisting of phosphate of lime, or triple 
phosphate, or a mixture of both, may be distinguished 
by submitting a little of the deposit to microscopic exa- 
mination ('228, 317, 322). (Confirm 47, '225—227.) 

287. If the deposit proves insoluble in acetic 
ACID, teat another portion with a little dilute hydrochlo- 
ric acid. If it DiBSOLVES in the acid, and the acid solu- 
tion lhu3 obtained gives, when neutralized with ammonia, 
awhite precipitate, it is probably OXALATE of lime (26b). 
(Confirm 319,267.) 

288. If the hydrochloric acid fails to dissolve 
THE deposit, it may be tested for UKic acid by means of 
nitric ai;id and ammonia, in the manner described in para- 
graph 23. Uric aeid may also he readily distinguished 
under the microscope (318). (Confirm 187, 188.) 

289. If the deposit proves to consist neither of eartliy 
phosphates, uric aeid, urate of ammonia, nor oxalate of 
lime, it must be examined for the other matters which 
are occasionally, though less frequently, met with in mor- 
bid urine, and which have been already noticed in Chap- 
ters IV and V, It must be remembered that, in perhaps 
the majority of cases, urinary deposits do not consist 
exclusively of any one substance, but contain two or more 
mixed together; as when the earthy phosphates occur 
associated with an excess of mucus. The action of the 
several testa may frequently in this way be more or less 
masked, and when taken alone, may lead to erroneous 
conclusions, In such cases, the microscope will bu Ibund 

U* 
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of infinite value, and should always, when available, be 
employed (316), 

290. If ihe deposit sinks readily to tbe bottom of the 
vessel, forming a PALE GREENISH YELLOW SEniMENT, 
which, on agitation, is again diffused readily and niii- 
forinly in the liquid, it probably consists of pus (247). 
(Confirm 250, 254, 256, 257, 166.) 

291. If, on the other hand, tbe deposit is tenacious 
AND ROPY, not mixing uniformly with tbe liquid when 
shaken, it probably contains an excess of MUCU3(210), 
(Confirm 211, 100, 15«.) 

292. If the deposit is dark: colored, brown, or red, 
and has been found not to consist of urate of ammonia 
colored with purpurine (2S4), it probably contains BLOOD; 
in which case the clear portion of the urine (281) will 
give indications of albumen when heated, or when tested 
with nitric acid (243). (Confirm 240, 242, 245.) 

293. When the deposit is WHITE oh nearly so, having 
proved insoluble when warmed (284), and also when 
treated with dilute hydrochloric and acetic flcids (26&, 
286): and is found to be readily soluble ik a solution 
OF AMMONIA, the ammoniacal solution yielding on evapo- 
nition HEXAGONAL CRYSTALLINE PLATES, it is probably 
CYSTINE (272, 270, 273). 

294. If the deposit is PALE YELLOW, tolerably soluble 
when wanned (200), but does not appear to consist of 
urate of ammonia, owing to its yielding no ammonia 
when warmed with a solution of potash (205), and ap- 
pearing under the microscope, not as an amorphous sedi- 
ment but in small irregularly shaped roundish or oval 
particles, with or without projecting protuberances (324), 
it is probably urate of soda. (Confirm 202, 203, 204.) 

295. If, when a little of the urine is agitated with a 
little ether in a test tube, and the ethereal solution, after 
separating from the watery portion on which it floats, is 
found to leave, after evaporation at a gentle heat, a resi- 
due of fat or oily matter, the presence of FAT may be 
inferred (259). (Confirm 325.) 

296. If the urine is opaque and almost milky in 
appearance, yielding traces of fat when treated with 
ether; and is found, when examined under the micro- 
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Boope to contain an abundant white amorpbous or granu- 
lar deposit of albumen or fibrin, together probably with 
emnll round colorless corpuscles, it probably contains 
CHYLOUS MArrsR (260). (Conflrm 261, b2f}) 

297. ir, on examination under a microscope of high 
magnifying power, minute animalcules are visible, hav- 
ing the appearance shown in Figure 2iJ, page US, it ia 
probable that semen ia present (ItiO), (Confirm 161, 
261.)* 

298. The following table may serve to facilitate the 
examination of depoaita with reagents. It must, however, 
be borne in mind, that until the observer has had some 
little experience in the action of the several tests, he must 
not depend too much on the result of any one experi- 
ment; but must, in all cases, confirm his suspicions by 
one or more corroborative tests. 



Table 
For facilitating Iht Examination of Urinary Deposits hy meaui of 



299. Test first for the earthy phosphates, nric acid, 
urates of soda and ammonia, and oxulaie of lime ('269). 

1. ThB SEDIMENT d:S30LVE3 WHEN warmed; Urate of 

sodti or ammonm (20U, 2S1). Not soluble when 
WAKMEu; See 2. 

2. Soluble in- acetic acid; Earthr/ phosphates (2Sd). 

Insoluble in acetic acid; See 3. 

3. Soluble in dilute hydbochlorio acid; Oxalate 

of lime (287). Insoluble in dilute hydroohlo- 
Kic ACID; See 4. 

4. Pukple WITH NITRIC ACID and AMMONIA; Uric acid 

(2«6). 

• BpwimeiiB nf opjqb are ocoasionally met wilh, Imliling in suspen- 
Rlon B dii|<uslt (Bltbur amorphoaii or crystalline) wbiuh Ib inKolubls in 
ftciiift ami alkalies sa well aa in aluohnl and Hthar ; but lince it Is nt 
lasBt dimiuialipd hj shakiog with hydroohlorio >aid and ether, it ap- 
paara (o uonEiet of au uartby bbII of one of Ibe fattj acids. 
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If the deposit proves to be neither of the above, it is 
probably one of the following: — 

5. Greenish yellow deposit, easily diffused on 

AGITATION; Pus? (290). 

6. EoPY AND tenacious; Mucus ? (291). 

7. Eed or brown ; not soluble when warmed ; the 

fluid portion coagulable by heat and nitric 
acid; Blood f (292). 

8. Soluble in ammonia ; the solution leaving on 

EVAPORATION, HEXAGONAL CRYSTALS; Cystine f 

(298). 

9. Ether yields, after agitation, an oily or fatty 

RESIDUE ; Fatty matter (295). 

10. Milky apperance ; Chylous matter (296). 

• 
section II. 

Examination of Urine containing no Solid Deposit ; or from 
which a Deposit has been separated (281). 

300. Test the urine with litmus and turmeric paper 
(277)."^ If ALKALINE, it must be tested for albumen 
with nitric acid (505, 306). 

301. Take the specific gravity (279).t If the specific 
GRAVITY is higher THAN 1025, the urine may perhaps 
be found to contain either SUGAR or an excess of urea 
(302, 304). If the specific gravity is not higher than 
1025, pass on to 305. See also 304. 

302. Whether urea be present in excess, may be ascer- 
tained by mixing a little of the urine in a watch-glass, 
with an equal bulk of pure nitric acid, keeping the glass 
cool by allowing it to float in cold water. If any excess 
of urea is present, a more or less abundant crop of crys- 

* If these experiments had been already made before the separa- 
tion of the sedimentary and non-sedimentary portions of the arine 
(281), they need not be repeated. When the alkalinity is due to 
ammonia or carbonate of ammonia, red litmus paper, which has been 
rendered blue by it, will regain its color when dried by a gentle heat. 

t See above note. 



tala of nitrate of area will, in a short time, appear in tl 
mixture (181). (Coufirm 1S3.) 

303. When a microscope ia at haad, we cna in tbis 
manuer detect even a very slight excess of urea. A drop 
of the Euspected urine ia placed on a slip of glass, and 
mixed with a drop of pnre nitric acid. If even a small 
excess of urea is pr^ent, minute crystals of the nitrate 
maj generally be seen after a short time, with a very 
moderate magnifying power. 

301. To prove the presence of sugar, a little of the 
urine may be examined by paragraphs 122 and 126. 
(Confirm 113.) It mast here be borne in mind, that very 
decided traces of sugar may exist in urine without raising 
the density to a suspicious extent, so that the mere cir- 
cumstance of the specific gravity of the urine being below 
1025 is no proof whatever of the absence of sugar ; and 
in any doubtful case it should be carefully looked for by 
means of the teats above referred to. 

305. Boil a little of the urine in a test-tube. If the 
liquid remains clear, pass on to 307; but if a precipitate 
13 PRODUCED, it may be owing to the presence either of 
albumen (235), or of an excess of earthy phosphates (109), 
To distinguish between them, add to the boiled portion 
a few drops of nitric acid. If the precipitatb dissolves, 
and is not reprecipitated by the addition of a few more 
drops of the acid, it probably consists of eabtsy phos- 
phates (229) (confirm 228, 226); while if it either does 
not dissolve, or after being dissolved by the first drop or 
two of the acid, again precipilatcs when the liquid is 
more strongly acidified, albumen is iadicated (143). 
(Confirm 137, 133.) 

30(5. It must be remembered that when the urine is 
alkaline albumen may be present in it without being 
coagulated by boiling (142). Such urine should there- 
fore be tested for albumen by means of nitric acid (141). 

307. Add to a little of the suspected urine a few drops 
of nitric acid. If a precipitatb is phoruced, either 
immediately or after a short time, none having been 
occasioned by boiling (305), an excess op urio acid is 
probably present (190). (Confirm 23, 288.) If the urine 
ia alkaline, ihe precipitate thus occasioned may consist of 
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ALBUMEN, since tliat substance would not then be pre- 
cipitated by boiling (306). 

308. Evaporate a little of the urine on a water-bath, to 
the consistence of a syrup, and add about half its bulk of 
strong hydrochloric acid. If, after the lapse of a few 
hours, tufls or branches of needle-shaped crystals are 
visible, either to the naked eye or when examined under 
the microscope, an excess of hippurio acid is probably 
present (206). (Confirm 208, 209.) 

309. If THE URINE IS HIGHLY COLORED, it is probable, 
either that it contains an excess of yellow coloring mat- 
ter, or that blood, biliary matter, or purpurine is present.* 
To determine which of these it is — 

310. Boil a little of the urine; if it contains blood, the 
albumen will coagulate, mixed with some of the color- 
ing matter (243). (Confirm 240, 245.) 

311. If an excess of yellow COLORIXG matter is pre- 
sent, the boiled urine, when mixed with a little hydro- 
chloric acid, will assume a more or less decided red color 
(215). 

312. The presence of biliary matter may be proved by 
Pettenkofer's and Heller's tests (149, 151). (Confirm 152!) 

313. If PURPURINE is present in solution, the urine 
usually has a more or less decided pink color; and when 
a little warm aqueous solution of urate of ammonia is 
mixed with it, that salt precipitates as the liquid cools, 
and carries with it nearly the whole of the purpurine, 
which gives the precipitate a pink color. (221). (Con- 
firm 218, 220.) 

314. The following table may be found useful for refer- 
ence (294). 

* It will be remdinbered that many vegetable coloring matters taken 
into the stomach make their appearance in the urine, and might, by 
a careless examination, be mistaken for blood, &c. 




For faclUlaling the E.rami 

means of Tals. 

1. Specific gravity higher than 1026; See 2 and 3. 

2. Crystals WITH NiTEic acid; Excess of wea {S(i2). 

3. Heat with sdlpuate of copper and potash; Su- 

gar (SOI). 

4. If neutral or feebly acid to test-paper, see 5, 

&c. If alkaline, see 7. 

5. Precipitate formed on boiling; soluble is ni- 

tric acid; Excess of earthy phospli ales {30b). 

6. Precipitate formed on boiling: insoluble in 

nitric ACID; Albumen (305), 

7. Precipitate FORMED BT nitric ACID; Excess of uric 

acid or albumen (307). 

8. Concentrated URINE YIELDS NEEDLE-SHAPED CRYS- 

TALS WITH HTDROCHLORIC ACID: Hippuric add 
(308). 

9. If the urine is highly colored, see 10, 11, 12, 

and 13. 

10. Dark CoAGULUM FORMED ON BOILING, 5/ooii? (310). 

11. Red Color with Hydrochloric acid; Excess of 

cohrv'f/ matter (311). 
12 Pink precipitate with warm solution of urate 

of AMMONIA ; Purpurine {■il'6). 
IS. Change of color with nitrio acid, ice; Biliary 

matter (152, 312). 

SECTION JII. 

Microscopic Examination of Urinary Deposits (276, 289). 

815, Place a drop of the urine containing the depo.iit — 
after btiiig allowed to stand a short time, that the sedi- 
mept may subside — on a strip of gloas; cover it with a 
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Bmnll square of thin glass,* and examine it with a mag- 
nifying power of about two hundred diameters. Observe 
whether the parliclea are ckystalune, Amorphods, or 
ORGANIZED. If CBYSTALLiNE, refer to paragraph 316 ; if 
AMOBFHoua, to paragraph 321 ; and if organized, paj>soQ 
to paragraph 327. When, as ia frequently the case, the 
deposit appears to consist of a mixture of two or raore 
different forms of matter, each of these should ia auccea- 
slim be examined, until the nature of the whole of the 
deposit is clearly understoud. 

316. If the deposit is crystalline, it is probably 
either UBic acid, tbiplk piiobphate, or oxalate of 
limk; or possibly cystine. 

317. If the crystals are stellate (Fig. 41), or trian- 
gular PBiSMS {Fig. 42), instantly disappearing on the 
addition of acetic acid, they consist of the thiplk phos- 
puate. 

318. If the crystals are lozenqe shaped or pos- 
sess ANY OF THE FORMS SHOWN IN FJQUBB 43, being in- 
soluble in dilute acids, but tolerably soluble in a solution 
of potash, they are probably uric acid. (Confirm 288.) 

319. If the crystals are octohedra (Fig. 44), or some 
modification of the dumb-bell form (Fig. 45), insoluble 
in acetic acid, but really soluble in dilute hydrochloric 
acid, they are probably oxalate of lime. (Confirm 287.) 

320. If the crystals are multangular FI.ATEs, having 
the rosette-like form shown in Fig. 46, insoluble, or nearly 
Bo, in water and dilute acids, but readily soluble in am- 
monia, the ammouiacal solution leaving, on evaporation, 
HEXAGONAL CRYSTALLINE PLATES (Fig, 47), they are pro- 
bably CYSTINE (172). 

321. If the letosit is amorphous, or in minute, 
rounded particles, it probably consiati of phosphate 
OF LIME or urate Of AMMONIA; or possibly urate of 
SODA, fat, or chylous matter. See also 827, &c. 

322. If it is INSOLUBLE WHEN WARMED, BUT DISSOLVES 
IMMEDIATELY On the addition of acetic OR DILUTE HY- 
DROCHLORIC ACID, it is probably phosi-hatb of lime. 

n giasa may gmierallj be diBpeused 
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S23. If it iiissoLVKa readily when the urine contain- 
ing it 13 WAKMED, and is aj^ain DEPOSITED ON COOLING, it 

is probably urate of soda or ammonia. 

824. If the deposit ia in the form of pale yeli.owish 
GRAINS, with or without small irregular protuheranues 
(Fig. 4y), DISSOLVING more or less readily when warmed, 
it is probably urate of soda. 

326. If the subslanw is in the form of shncte round 

GLOBULES, WITH DARK AND WELL-DEFINED OUTLINES 

(Fig. 49), and dissolves when agitated with elher, it 
probiibly consists of fatty matter. (Confirm 295.) 

S26. If the urine is opaque and milky in appearance, 
yielding fatty matter when agitated with ether, and con- 
taining minute amorphoas, albuminous particles, and 
perhaps also colorless globules, it probably contains 
chylous matter, (Confirm 29t).) 

327. If tue deposit consists of organized par- 
ticles, it probably coEsists either of mucus (which is 
usually mixed with more or less epithelium), pus, blood, 
or semen. See also paragraph 132. 

328. If the PARTICLES are round, or nearly so, 
AND granulated on the surface, entangled in tena- 
cious, stringy masses, which do not break up and mix 
uniformly with the liquid on agitation, it is probably 
MUCUS (Fig. 50, a). Epithelial debris may be recog- 
nized by the peculiar forms of its particles (Fig. 50, b), 
(156.) Mucous urine very generally contains also a con- 
siderable amount of earthy phosphates and other matters. 

S29, If the particles are ROUND and granular (Fig. 
51), not being held together hy any tenacious matter, but 
floating freely in the liquid, the deposit probably 
consists of pus. (Confirm 290, 166.) 
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330. If the particles appear as circular and slightlt 
CONCAVE DISKS, the Outlines being oucasitinally irregular 
(Fig. 52), and of a more or less decided yellowish color, 
it is probable that blood ia present. (Confirm 292.) 

331. If tlie particles, or any among them, have the 
form of seminnl animalculefl, or sPEiiMAXOZOA, shown in 
Fig. 53, 8EMKK is probably present. 

332. The table on page 104 may be useful to the stu- 
dent for reference, ia the microseopiual examination of 
urinary depoaita, "^ 
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Table 

For facilitating the Microscopical Examination of Urinary Deposits, 

1. If the deposit is crystalline, see 4 to 7. 

2. If amorphous, or rounded particles, see 8 to 11 
8. If organized particles, see 12 to 16. 

Crystalline. 

4. Lozenge-shaped crystals, and other forms 

SHOWN in Figure 43 ; Z/nc acid (318). 

5. Stell-e, or three sided prisms (Figs. 41 and 

42); Tiiple phosphate {S 17). 

6. OCTOHEDRA, OR DUMB BELLS (Figs. 44 and 45); 

Oxalate of lime. 

7. RosETTE-LiKE TABLES (Fig. 46) ; Cystine (320). 

Amorphous or Bounded Particles, 

8. Soluble when warmed; Urate of soda or am- 

monia (91, 92, 96). 

9. Soluble in acetic acid ; Phosphate of lime, 

10. EouND globules with dark edges (Fig. 49) ; 

Fatly matter (325). 

11. White and MILKY; Chylous matter f (826). 

Organized Particles. 

12. Granulated corpuscles, in stringy aggrega- 

tions (Fig. 50) ; Mucus (32b). 

13. Irregularly-shaped scales (Fig. 50, b) ; Epithe- 

lium. 

14. Detached granulated corpuscles (Fig. 51); 

Pus (329). 

15. Blood-corpuscles (Fig. 52) ; Blood (330). 

16. Spermatozoa (Fig. 53) ; Semen. 
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CHAPTER VI r. 

QUANTITATIVE ANALYSIS OF DIABETIC UHINK, 

13. In the quantitative examination of diiibetic urine, 
! generally sufficient to estimate merely the quantity 
j»r, since tlie determination of the other conaii- 
nenta ia of c<jmparatively small pratiiical importance in 
diagnosia. When this ia the case, all that ia necessary 
is, to ferment 250 grs, of the urine in the manner de- 
ficribed below (33ti); and from the amount of carbonic 
acid evolved, to estimate the quantity of sugar which 
yielded it. 

334. It ia, however, frequently of importance to be 
able to determine the proportion of some of the other 
matters coexisting in the urine, especially the urea (ll!!), 
which has been supposed by some to diminish, and by 
others to increase, materially in quantity, simultaneuusly 
with the appearance of sugar. The exact estimation of 
small quantities of urea, when mixed, as in diabetic 
urine, with a large amount of sugar, ia attended with 
considerable practical difficulty; and, indeed, the results 
hitherto obtained must be regarded merely as approxi- 
mations to the truth. By the method of analysis which 
1 am about to describe, the proportions of the following 
substances may, without much difficulty, be determined, 
or the inquiry may be limited to the estimation of the 
sugar and the urea (335, 341): 1, water; 2, sugar; 
S, urea; 4, uric acid and vesical mucus; 6, animal ex- 
Ifftctive and ammouiaed salts; 6, fixed alkaline salts; 
and 7, earthy salts. 

SSft. Two portions of the urine, A weighing 1000 grs., 
and B weighing 600 grs., are to be evaporated to dry- 
ness (50), in weighed or counterpoised dishes, on a water 
or chloride of calcium bath ; or, still better, in vacuo, 
over sulphuric acid. Wliile the evfipnration of A and B 
12* 
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is going on, a third portion, C, consisting of 250 gre, of 
the urine, may be weighed out, for the purpose of esti- 
mating the sugar, which is done in the followiag maDner 
(3S6). 

""- Ti-ealmenl of the jmrlion C.*— Put 250 grs. of tha 
urine into a small wide-moutbed 
bottle, cnpable of holding an ounce 
and a half or two ounces of water; 
to the mouth of which is adapted a 
cork, fitted with tubea of the form 
shown in the figure (Fig. 54), The 
bottle shoidd be gradiuited in cubic 
inches und tenths, in order to enable 
the experimenter to estimate the 
amount of carbonic acid which is 
retained In solution by the liquid at 
the close of the operation (338), The 
table a is nearly filled with small fragments of drychloride 
of calcium, which are prevented from falling out by a 
loose plug of cotton wool placed at each end. The tube, 
h, which reaches nearly to the bottom, is made open at 
both ends; the top, however, being accurately closed by 
means of a small bit of cork or wax, c, during the pro- 
cess of fermentation. 

S37. Mix a few drops of fresh yeast, or, still better, 
about fifty grains of dry German yeast (128), with the 
urine in the bottle ; and having placed the cork, with its 
tubes, firmly in the neck, weigh the whole apparatus, 
with its contents, as accurately as possible. Allow the 
apparatus to stand a day or two in a warm place, having 
a temperature of about 70° or 80°; and when the fer- 
mentation appears to have entirely ceased, remove the 
small plug of cork or wax from the tube 6, and suck air 
gently from «, for the purpose of expelling the carbonic 
acid contained in the bottle, and replacing it with com- 
mon air. The small plug is then attached to the tube b, 
as before, and the whole apparatus is again weighed. 
338, The amount of loss will indicute the quantity of 
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carbonic acid wbich has escaped tliroagh tbe tube a ; but 
aa carbonic acid is soluble, at ordinary temperatures, in 
about ita own bulk of water, the portion of acid held \a 
solution by the liquid must be added to that which has 
escaped. This amount is readily known, since each 
cubic inch of liquid, which may be supposed to be satu- 
rated with the acid, must contain about a cubic inch of 
the gas, weighing rather less than half a grain.* 

339. The whole amount of carbonic acid formed during 
fermentation, therefore, is determined by adding to the 
loss of weight half a grain for every cubic inch of liquid 
contained in the bottle; the quantity of which is known 
by the graduations on the surface (336). Thus suppos- 
ing the loss of weight during fermentaiioO to have been 
4'1 grs., and the volume of liquid in the bottle l"2 cubic 
inch, the weight of the carbonic acid formed must be 4'1 
+ 'j", or i-7 grains, 

340. Now, since every equivalent of diabetic sugar 
(C„HuO,,) is converted, during fermentalion, into two 
equivalenis of alcohol {0^H/),R0), four equivalents 
of carbonic acid (COj, and two equivalents of water 

C|,H|.0,.=2CC.ffs,0,ffO)+4COj+4HO; 
it follows tliat every 193 parts by weight of sugar (one 
equivalent) give rise to the formation of SS parts of car- 
bonic acid (four equivalenis); so that every 88 grs. of 
carbonic acid would indicate 193 grs. of sugar, or, in other 
words, one gr, of carbonic acid will represent 2-25 grs. 
of sugar- Therefore, by multiplying the weight of car- 
bonic acid by 2"25, we obtain the weight of SUGAR present 
in the quantity of urine operated on. Thus, in the above 
example, 4-7 grs. multiplied by 2-25 (=10-57) gives the 
weight of sugar in 2oO grs. of urine; wliich, when multi- 
plied by lour (250x4= 1000), represents the proportion 
in 1000 grs. of the peeretion, 

341. Trealintnl of the portion A. — The dry residue left 
aft«r the evaporation of tlie 1000 grs. marked A (335), ;s 

* One hundred cabic incbes uf rarlinnic acid weigli 47-30 grains-, 
one GDb<o inch, onnseqiianUj, wHigh* 0-47 uf » grain. 
t Sbh nute to 129. 
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to te used for estimating the urea, which is usually pre- 
sent only in minute proportion in diabetic urine. For 
thiH purpose, the residue is treated with snccessive small 
qusntitiesor alcohol, stirring the mi^fture with a glass 
rod, until it ceases to dissolve anything more. The 
alcoholic solution is now to be evaporated to dryness on 
a water bath, and the residue treated with strong alcohol 
(absolule alcohol, if possible, 114), which will dissolve 
ont the urea, leaving undissolved most of the sugar and 
other matters. The alcoholic solution thus obtained is 
to be again evaporated to dryness on a water bath, and 
the rejiidue treated, as long as anything dissolves, with 
warm distilled water, which will separate the urea from 
most of the other matters which are less soluble in water. 

342. The impure aqueoussolution of urea lb ua obtained 
is evaporated to a small bulk,and while at atemperatupe 
of about 190° or 200°, mixed with as much pounded 
oxalic acid (HO,C303 + 2Aq)as will dissolve in the liquid 
(14). The mixture, after cooling, is immersed ia a 
freezing mixture,* when the whole of the oxalate of urea, 
together with the excess of oxalic acid, will crystallize 
out. The liquid is now to be poured ofi', and the crystals 
further treated as in 55. 

343. Treatment of the poriim S.— The residue left after 
the evaporation of the 500 grs. of urine marked B, may 
now be examined, !br the purpose of estimating, 1, the 
water ; 2, uric acid and vesical mucus ; S, animal extrac- 
tive and ammooiacal salts; 4, fixed alkaline salts; and 5, 
earthy salts. For this purpose it is to be carefully evapo- 
rated until it ceases to lose weight, either on a water op 
chloride of calcium bath, or, still better, in vacuo over 
sulphuric acid ; since by long exposure to a high tem- 
paraiure a portion of the sugar loses five equivalents of 
water, and becomes converted into a kind of uncrystal- 
lizable caramel, thus causing the residue to weigh lesa 
than it ought to do. It is generally a matter of con- 
siderable difficulty to expel the la&t traces of water from 

* A little ptmndad ice or snow, wised with about half ita weight 
or uoiumou Ea]t ; or_ in lliB abseiice of iue, a laisliire of equal weiglita 
'a and water, will be fonnd tlia n " 
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the reaidae of diabetic urine; for the ordinary purposes, 
however, this is not of much importance, aince the small 
error whicih it here occasions afiects only the proportion 
of the water and anima! extractive, and nut thut of the 
two suhatancea of most importance — viz., the sugar and 
the uraa. 

344. The dry residue B is to be weighed; and by 
deduclinw its weight from that of the urine before evapo- 
ration (500 grs.). the proportion of water is determined ; 
which, when multiplied by two (500x2 = 1000), gives 
the proportion of water in lOOU grs. of the secretion. 

346. Tlie weight of the dry residue having beeu care- 
fully noted, it is to be treated with water as long as any- 
thing appears to dissolve. In this way the sugar, urea, 
animal extractive, and alkaline salts are dissolved out, 
leaving a small insoluble residue, Gonaiatiag of vesical 
mucus, urio acid, earthy phosphates, and traces of silica, 

346. The aqueous solution thus formed is to be evapo- 
rated to dryness on a water-bath, and retained for subse- 
quent experiments (349), 

347. The weight of the matter insoluble in water (345), 
having been noted after careful drying, it is to be incine- 
rated until the residue becomes white or pale gray. The 
ash thna obtained is to be weighed; and its weicht, 
multiplied by two, furnishes the proportion of eakthY" 
SALTS in 1000 grains of the urine. 

348. The difference between the weight of the ash and 
that of the dry insoluble residue previous to ignition 
(347), represents the quantity of insoluble organic matter, 
consisting of URiC ACID and MUCUS, in 500 grains of the 
urine; whiuh must be multiplied by two, as in the former 
cases, in order to give the proportion of 1000 grains of 
the secretion. 

349. The dry residue obtained by evaporating the 
aqueous solution (346), consisting of the soluble matters 
of the urine, is now to be weighed. It consists of two 
portions, the orgauic or combustible, and the inorganic 
OP incombustible. The relative amounts of these two 
portions are determined by incineration ; the weight of 
the ash representing the fixed alkaline sA-LTs in 500 
grains; which, as before, is to be muhii»lied by two. 
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350. The loss of weight experienced during ineinera- I 

tion (349), which is that of the Boluble combustible mat- 1 

lera, viz., sugar, urea, animal extractive, ami atnmoniacal | 
salts, is also to bo multiplied by two. Now, since we 
know from our experiments with the other portions of 

nrine A and C, the weight of the sugar and urea (.340, ■ 

Si'i), we can, by deducting their combined weights from j 

the amount of losa during ignition, obtain the proportion i 
of ANIMAL EXTRACTIVE and AMMOSiACAL SALTS contained 

in lOUO grains of the urine. I 

S51. Thus we shall have determined the proportions 

of the several ingredients of the urine, which together 1 

should amount to a fraction less than 1000, viz: — i 



Water 

Sngar 

Uric itdld and mncna 

Animal extract aud ammDQiscal salt 

Flxod ilkalinH Baits 

Earlhj ealta 

JUOO-OU 

352. One of the best methods of estimating the sugar 
is founded upon its properly of reducing the oxide of 
copper (CuO), in an alkaline solution, to the state of sub- 
oxide (Cu O), one equivalent of grape-sugar (Ci,A,^0,J 
eflecting the reduction of ten equivalents of the oxide. 

To prepare the alkaline solution of oxide of copper, 
advantage is taken of the circumstances that the pjgsence 
of tartaric acid or a tartarate, enables the fixed ^calies 
to retain the oxide in solution ; and if there be a suffi- 
ciently large exce.'is of caustic alkali present, the solution 
may be boiled without alteration. 

315'16 grs. of crystallized sulphate of copper are dis- 
solved in about four ounces of water, and 1420 grs, of 
the tartrate of potash and soda* (Rochelle salts, ICO.NaO, 
CgH^O,o + 8Aq) are powdered, and added gradually to 

• 9S0 grs, of pure oream of tartar (bitartrate of potaah, KO.HO, 
C,H,0,g) might be aubatituted for tlie Roehttllo snltEi, but the latter ia 
preferable, as btiiug mora eaiiil? obtained in a pore alute. 
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(solution. i89 gra. of carbonate of potash are then 
led, and 8^ fluiilounces of a Goliitioa of hydrate of 
soda (caustic soda) of ap. fjr. 1'12. The volume of the 
mixture is made up to 10,000 gra. by adding water, the 
whole boiled for a few minutes, ami, if neueaaary, filtered. 
1000 grain -measures of this solution should correspond 
to 5 grs. of grape-sugar (C,jHi,Ou). 

In order lo ascertain its exact strength, ■i-32 grs. of 
pure cane-sugar* (white sugar-candy, C„H||0|,} are dis- 
solved in a little water, in a flask, a lew drops of dilate 
sulphuric acid adcJed, and the mixture boiled for an hour 
(replacing the water as it evaporates), in order to convert 
the cane sugar into grape-sugar. The solution is then 
rendered slightly alkaline with carbonate of soda, and 
its volume is made up to 1000 grs. with water. 600 
grain-measures of thealkaline copper solution are heated 
to boiling in a benker or dish, and the solution of sugar 
gradually added from a burette or graduated glass (Fig. 
32), until the disappearance of the blue color, and the 
no n -occur re nee of any fresh precipitate prove that the 
whole of the oxide of copper has been reduced. If the 
copper solution was correctly prepared, 500 gra. of the 
sugar solution should have been required; but if more 
or less than this have been found necessary, it is easy to 
calculate the exact strength of the copper solution, which 
should then be recorded upon the label of the bottle, 
together with the date of the experiment. For example, 
suppose 455 grs. of the sugar solution to hove completed 
the reduction then 



The value of x will represent the weight of grape-sugar 
to which 600 grain-measures of the copper solution cor- 
respond. The solution must be kept in a well-atopped 
bottle, which should be nearly filled by it, and set aside 
in a dark place. 

To determine the amount of sugar in diabetic urine. 



* 



d 
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750 grain measures of the nrine are precipitated by a 
solution of tribasic acetate of lead, added in very small 
portions, with occasional stirring, as long as any fresh 
precipitate is observed. The precipitate (phosphate, Bul- 
phale, and urate of lead, with extractive matters) is filtered 
oft', and washed with a little waler, so as to make the total 
volume of the filtrate and washings up to 1000 grs. 500 
grain measures of the alkaline copper solution are then 
heated to boiling, and the purified urine added from a 
burette, until the blue color of the fiolutioo has disap- 
peared. A simple calculation will then give the amount 
of sugar containetl in the 760 grs. of urine originally 
employed. 

A very excellent method of controlling the result of 
this experiment consists in adding to the solution from 
which the blue color has disappeared enough of the alka- 
line copper solution to restore the blue color, boiling for 
a few seconds, and collecting the precipitated suboxide 
of copper upon a filter. It is then rapidly washed, us 
long S3 the washings are alkaline, and dissolved by pour- 
ing over the filter a hot solution of perchloride of iron, 
acidulated with hydrochloric acid, when the suboxide of 
copper (Cu,0) is converted into the chloride (CuCl): 

CttjO + FsjCl^ + eci = 2CuCl + 2FeCl = HO. 
The filter is washed with much water, and the amount of 
iron in the state of protochloride (FeCl) is determined by 
adding a solution of permanganate of potash of known 
ptrength* from a burette, until a permanent faint rose 
color is produced. 

Now, each atom (198 parts) of grape sugar (C,jH„0,j) 
precipitates five atoms (357 parts) of suboxide of copper 
(CUjO), and these, when dissolved in perchloride of iron, 
produce ttn atoms of protochloride of iron (FeCl), con- 
taining 280 parts of iron. Hence every grain of iron 
indicated by the permanganate of potash represents 0'707 
gr. of grape -sugar. 

• The strength of this solution is readily delerraioed by dissolving 
5 gra. of purii iron wiro in hjdroohlorio aoid, diluting largely with 
watitr, and adding the puruiaDganatH solnlion, Trom a, hnreUe, lilt Ilia 
permanent roan oulor it itet<n. About lOW grs. or tbo gulutiou ehould 
lie required for & gra. of iruu. 
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A slight error occiira in »he determination of sugar in 
arine according to this process, from the precipitation of 
a little sugar bj the tribasio acetate of lead; for althoagh 
a pare solution of sugar is not precipitated hj that re- 
agent, the precipitate which it causes in saccharine urine 
is always accompanied by a little yugar. In most cases 
this error is too slight to he of any consequence, but its 
extent may be easily ascertained by boiling tbe lead pre- 
cipitate with oxalic acid, tiltering, mixing the solution 
with au excess of potash, and determining the sugar by 
the alkaline copper solution. This will give a slight 
error in the opposite direction, on account of tbe reduc- 
tion of the oxide of copper by the uric acid. 

The following analyses of diabetic urine will serve to 
illustrate its usual composition in 11)00 parts: — 



Analyses land IF. (,SiM 



Specific graoili/ . 
^ Walsr 
wliil oOnatitutinta 
Ora& 
Urio acid . 

£iftra«t[ve matter and eolablu 
Earth/ pliospliatE 
Albumen . 



■>otssi3 III, IV, and 



1018 
957-00 
43-00 



(Or, Percg.) 

1035 
91S'30 
81-70 



40- 

Uxtmotivt! maUers and ) ,„ 
■oluU. ,.11, . } "■ 

, £arth; phosphates ■ 

Analyse, VI. (St 
Water .... 
Solii 
Ure. 



17-15 
32-59 



1016 
ytiO-00 
4(1-00 
7-89 

25-00 



1039 
898-90 
101-10 



79 '10 
19-B2 



. 837'58 
. 1H2-43 
. 8-27 



CHAPTER VIII. 

QOAKTITATIVE ANALYSIS OF ALBUMINOCS UBINE. 

353. In the quanlitative analysis of albummouB urine, 
it ie usual to estTmate the following ingredients; though 
for many purposes it is sufficient merely to determine the 
proportion of albumen, either with or without that of the 
urea: 1, water; 2, urea; 3, albumen, with traces of uric 
acid;* 4, vesical mucus; 5, animal extractive and am- 
moniacal salts; 6, fixed alkaline salts; and 7, earthy 
salts, 

35i. Treatment of the portion A. — Two portions of the 
urine, marked respectively A and B, each weighing 600 
grains, are to be evaporated to dryness on a water-bath.f 
The portion A will serve for the estimation of the urea ; 
and tne portion B for that of the other substances above 
enumerated, 

3S5, The residue left afier the evaporation of A ia 
treated with hot alcohol, to dissolve out the urea. The 
alcoholic solution is evaporated to dryness on a water- 
bath, and redissolved, as far as it is capable, in hot dis- 
tilled water; the aqueous solution thus obtained is eva- 
porated to a small bulk, and mixed with pounded oxalic 
acid in the manner described in the analysis of diabetic 
urine (342), The oxalate of urea is afterwards decom- 
posed by means of carbonate of lime in the manner 
already detailed ; the weight of the urea obtained being 
multiplied by two, in order to represent the proportion 
of UREA in 1000 grains of the urine.f 

» Or the nrio acid may he pBtiniRleil HBparatf ly. Sb9 pamgraph 3G3. 

t IfitisiBlBiKind to estimate the orio add separalrly, a lliird portion 
of urine, WBinhing 1000 gre., will also b« rpquira-t (3ii3). 

J A far more accnrato rweult would, of anurae, be oblaini^d by heat- 
ing Ibe urine (auidified. if OHCuddary, with aceliu itdil) to coRgulate 
the albumen, and dulermiuiug the urea in Ihu tillered liquid accucdiug 
to f»3). 
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356. TrenlmmC of the portion B.— The residue left after 
tbe evaporation of B ia now to be examined. When it 
"has ceased to lose weight by exposure ou the water-bath, 
the weight of the residue is to be noted ; and the loss 
which it has sustained during evaporation, multiplied by 
two, will represent the amount of water in 100 grains 
of urine. 

857. The dry residue, when cold, is to be carefully 
reduced to powder in a clean dry mortar, which should 
be placed on a large sheet of white paper, in order to 
catch any particles that may be projected out of the mortar 
during the pounding. The powder is to be warmed with 
distilled water, which will dissolve out tlie ureii, animal 
extractive, and soluble salts; leavingan insoluble residue 
of coagulated albumen, urio acid, mucus, and earthy 
salts. The mixture is then filtered. The solution thus 
obtained we call M, and the insoluble matter N. 

358. The solution M is to be evaporated to dryness on 
a water-bath, and subsequently examined in the manner 
described below (361). While the evaporation is goiog 
on, the insoluble matter N may be operated on (35H). 

359. The insoluble matter N, consisting of albumen, 
uric acid, mucus, and earthy salts, is to be carefully de- 
tached from the filter whilst still moist. It is then warmed 
for a few seconds with a little dilute nitric acid (consist- 
ing of one part of strong acid, and about ten parts of 
water), and well stirred with a glass rod, in order to 
dissolve out the earthy phosphates. The insoluble por- 
tion ia to be washed with a little warm water (860), and 
the acid solution, together with the washings, then 
evaporated to dryness on a water-bath. The dry residue 
is weighed, incinerated, and weighed again; when the 
weight of the incombustible matter, multiplied by two, 
will represent the proportion of earthy phosphates in 
1000 parts of the urine ; while the loss which the mixture 
sustained during the incineration, also multiplied by two, 
will represent the amouut of vesical mucus. 

360. The portion of N which proved insoluble in the 
dilute nitric acid (ii59), consisting of albumen, with 
probably a little uric acid, is to be dried on a water-bath, 
and weighed. The weight, multiplied by two, will repre- 
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sent the proportion of ALBUMEN and uhic acid in lOOO 
grains of the urioo. 

361. The evaporated residue left by the solution M 
(35b}, containing the urea, animal extratitive, and soluble 
salts, must now be examined. After ita weight has been 
ascertainecl, the dry residue ia to be gently ignited UTitil 
the incombustible matter becomes white or pale gray. 
The ash thus obtained is then weighed; and its weight, 
multiplied by two, will represent the proportion of FIXED 
ALKALINE SALS in 1000 grains of the urine* 

362. The loss of weight -which the residue sustained 
during incineration (361) being due to the combustion 
of the urea and animal extractive, and the volatilization 
of the aramoniacal salts, derived from 500 grains of 
urine; we obtain, by doubling it, the amount of those 
substances contained iu 100 grains. From this we deduct 
the proportion of urea, which we have already ascer- 
tained (355), and the difierence will reprcfent the amount 
of ANIMAL EXTRACTIVE and AMMONiACAL SALTS contained 
Id 1000 grains of the secretion. 

8BS. If it is required to estimate the proportion of urio 
acid in albuminous urine, which, however, is seldom 
necessary, since there is not often more than a small 
trace of it present, a separate portion of urine must be 
used for the experiment. For this purpose, 1000 grains 
are to be boiled for about a quarter of an hour and 
filtered from the coagulated albumen. The filtered liquid 
is then concentrated to about one fourth its bulk, by 
evaporation on a water-bath, and after the addition of 
a few drops of hydrochloric acid, set aside in a cool place 
for forty-eight hours. The uric acid, if present in any 
notable quantity, will gradually crystallize out, mixed 
possibly with traces of hippuric acid (25), which may be 
washed out with a little alcohol (28). The weight of the 
residue will then, after drying on a water-bath, represent 
the proportion of the acid in 1000 grains of urine. 

364. Thus we shall have completed the analysis, having 
determined the proportion of the several ingredients pro- 
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posed ; which, when added together, should amount to 
a fraction less than 1000 grains, viz. — 

Water , 

Urea 

Albamen 

Urio acid ....... 

Vesical mucus 

Animal extractive aud ammoniacal salts . 

Fixed alkaline salts 

Earthj salts 

Loss 

1000-00 



865. The following analyses of albuminous urine, in 
cases of Bright's disease, will serve to show its usual 
composition in 1000 parts: — 



Analyses I and II, (/Stmon.) 



Specific gravity 

Water . 

Solid constituents . 

Urea . 

Uric acid . 

Fixed salts 

Extractive matters 

Albumen . 



X. 

1014 

966-10 

33-90 

4-77 

0-40 

8-04 

2-40 

18.00 



II. 

1022 

933-50 

66-50 

10-10 

0-60 

10-00 



33-60 



Analysis IIL (^Dr. Percy.) 
Specific gravity •..••. 1020 



Water 

Solid constituents 

Urea 

Uric acid and indeterminate animal matter 

Fixed soluble salts . . . . . 

Earthj phosphates 

Albumen 



946-82 

53-18 

7-68 

17-52 

6-20 

0-14 

22-64 



13* 



PART II. 

CALCULI AND CONCRETIONS. 



CEAPTER I. 

URIN ARY CALCULI. 



366. Ur[nary calculi are composed, in the great ma- 
jority of casee, of Bubstancea which are contaioed in 
healthy urine, such as uric auifl, urate of ammonia, and 
the phosphates of lime and magnesia ; they are, however, 
occasionally composed of substances which are met with 
only in morbid urine, such as oxalate of lime, cystine, 
ic. Olht^r substances also, which may strictly be called 
accidental, are occasionally contained in calculi ; such as 
fragments of sand, or other hard bodies, which have 
accidentally found their way into the kidneys or bladder, 
and there formed nuclei, round which the earthy phos- 
phates, or other matters, have gradually been deposited. 
Calculi always contain, in additiou to the ingredients of 
which they mainly consist, more or leas animal matter, 
such as dried blood and urine, vesical mucus, &c. 

S67. Calculi are found to consist occasionally almost 
entirely of one ingredient only, but more frequently of 
two or more different constituents arranged together in 
irregular concentric layers. On this account it is im- 
possible to determine, with any degree of certainty, the 
nature of the mass of calculus, by merely examining 
the external coating, since the more central portion mav 
be of a nature wholly different. The best way is to 
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Fig 55. 




diricle the calculus into two equal parts, wliich ia easily- 
done by carefully cutting it through the centre with a 
fine saw. Fig. 55 represents a 
mixed calculus divided in tins 
manner; tlie darker layers con 
sisteil, in the specimen from 
■which the drawing was made, 
of oxalate of lime, and the 
lighterringaof uricacid. When 
a calculus is thus found on ex 
amination to consist apparently 
of two or morekiods of matter, 
fragments of each kind should 
be carefully detached and sepa- 
rately examined (-111).* 

SECTION II. 

Uric (or Lithic) Acid (C„n,N,0„). 

868. Uric acid calculi are usually smooth or slightly 
tnberculated on the surface (Fig. 5fJ), and of colors vary- 
ing from pale yellowish fawn to reddish-brown. When 
sawn through, the layers will 
generally be found to be tolerably 
regular, though of different thick- 
nesses, and nearly parallel to the 
outline of the section. This is the 
most common of all the urinary 
calculi. 

369. Heat a small fragment of 
the calculus on platinum foil; it udc Acid cakuim. 

immediately blackens, owing to 

the charring of the animal matter, emitting, at the same 
time,adi8agreeable smell.resembling that of burnt featheia, 
mixed with tRat of hydrocyanic acid (H,C,N), which, 
togellier with carbonate of ammonia and some other 
compounds, is formed during the decomposition. If the 
heat be continued, the charcoal residue is gradually cun- 

• A Bmall frsgment of the calcnlna, about llie size of spin's lieail, Is 
generally Buffluient for each experiment, aud will be toumi utors cou- 
Tuiiiuiit in praalioe tlian a larger ijnaiitily. 



Fig. G6. 
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sumeiJ, leaving only a slight trace of ash, which is asaally 
alkaline to test paper, consisting of phosphate or carbon- 
ate of soda. Traces of the earthy phosphates, also, are 
almost always to be found in this and most other varitities 
of calculi. 

870. Uric acid is sparingly soluble in water, and in 
cold dilute acids (22). 

371. A little of the calculus in powder is placed in a 
drop or two of tolerably strong nitric acid, in a watch- 
glnss, or on a strip of glass or platinum; it dissolves with 
eflervescence, carbonic acid and nitrogen being given off, 
and a mixture of alloxan (CgH^NjOiJ, alloxantine 
(C,HjN,0„), and some other compounds, remains. This 
is evaporated to dryness, at a gentle heat, when a red 
residue is left, which ii- A en coM, and treated with a drop 
of ammonia, or exposed to ammoniacal fumes, becomes 
purple, owing to the formation of murexide (CuH^^jOj). 

'672. Uric acid calculus dissolves in a dilute solution 
of potash, leaving only a few shreds of animal matter 
(866} ; and when the mixture is warmed, no smell of am- 
monia is perceptible, thus differing from the urate of 
ammonia (377). On neutralizing the alkaline solution 
with any acid, as hydrochloric, a white precipitate of pure 
uric acid is thrown down, which, when separated by 
filtration, may be tested with nitric acid and ammonia, as 
described in 371. 

373. If the precipitated uric acid be examined under 
the microscope, it will be found to consist of minute 
crystals, having the form shown in Fig. 3, page 32.* 

• Xanihic or Uric Oxide or Xanthine (C,„e^N,0,), which com- 
poflea a very rare form of calcalns, also disaoliea iu pDtaali, and is 
repreci pita tad b; hydrooliloric aoid. Wlien diasolred in nitric acid, 
honuvur, it leaves a. yeUow residue an evaporation, wliiuli is not 
reddened by ammonia. Xauthic oxide hoe also been found in nor- 
mal nrine, and in the spleen, pancreas, brain, aud%ver of oien and 
otiier animals. Hj/poxaalkine (C,gH,N,0,) is very similar in Its pro- 
perties, and has alau been found in the spleen. Dr. Bence Jones haa 
obBerved, in one case in the urine, a deposit which had the chemical 
oharaclers of xanihic oxide, and appeared, and er the microscope, in 
lozeugo-shaped orjstals, resembling some of the forma of uric acid. 



UBIHABY OALOULI. 



SECTION III. 



Vrale (or Lithate) of A\ 



(Nn,o,no,c,„n,N,oj. 




874, It ia not often that we meet with calculi composed 
wholly of urate of ammonia, that substance being more 
commonly found alternating with urio acid, earthy phos- 
phates, or other matters. These calculi are generally 
small in size, smooth, or slightly tuberculated (Fig. 57). 
and pale slate or ulay color, aome- 
timee inclining to brown. The 
concentrio layers are usually 
thinner, and leas distinctly mark- 
ed, than those of uric acid. 

375. When heated, urate of 
ammonia usually decrepitates, 
gradually disappears, and in 
other respects behaves like uric 
acid (369). It dissolves tolerably uraiiiofiinioonuc»i8oiM. 
well in hot water; but being in- 

Boluble, or nearly so, in cold, is deposited again when the 
solution cools, as an amorphous precipitate. If a dilute 
acid, as hydrochloric, be added to a hot solution of urate 
of ammonia, the latter ia decomposed, and the uric acid 
Bet free, which, being sparingly soluble even in hot water, 
is precipitated in the form of minute crystals (Fig. 3, page 

376. With nitric acid and ammonia, urate of a 
produces the same results as uric acid (il71). 

377. Urate of ammonia dissolves readily in a warn 
dilute solution of potash, giving off at the same titnej 
ammoniacal fumes hy which it may be distinguished froia^ 
uric acid and urate of soda. The addition of a dilutejl 
acid to the hot solution causes a crystalline precipitate of] 
ario acid (373). 

SECTION IV. 

Phosphate of Lime (3CaO,PO,). 

878. Calculi of phosphate of Ume are most commonly 
smooth and even polished on the aurraue. The concetitrie 
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F'g- S8. laminBBaregenerallyarrangedwith 

considerable regularity (Pig- 58); 
and when the calculus is brokeD, 
these separate from each other 
with great facility, formiDg de- 
tached crusts. The color ia usually 

PhospUle of Lima Calcoln>. f^*^" Of StOUC COlor. 

379. Before the blowpipe it 
chara, owing to the presence of a 
little animal matter, and gradually becoraes white as the 
carbonaceous matter burns away. It is almost infusible, 
requiring for its fusion so intense and prolonged a heat, 
that few can succeed in fusing it. 

880. The residue, afier ignition, is neutral to test-paper. 

881. It is soluble, without effervescence, ia dilute nitric 
or hydrochloric acid (49). 

382. To the solution in nitric acid formed in the last 
experiment add ammonia in slight excess ; the phosphate 
of lime will be precipitated as a gelatinous precipitate. 
Iie-di»3olve this In a little acetic acid, and divide the 
solution in two parts. 

SB-I. To one part of the acetic solution add a drop of 
perchloride of iron, which will cause a yellowish-white 
precipitate of perphosphate of iron (Fe,Oj,PO^. 

384. To the second part of the solution add oxalate of 
ammonia, when the white precipitate of oxalate of lime 
will be formed. 

385. If a little of the powdered phosphate of lime be 
mixed with about twice its bulk of the double phosphate 
of ammonia and magnesia, or triple phosphate (MgO,N 
H,0,II0,PO,), and heated before the blowpipe on platinum 
wire, it readily fuses. The fusible calculus is composed 
of a similar mixture of the two salts (S91). 

SECTION V. 
Phosphale of Ammonia and Matpiesia, or Triple Phosphate 

(MgO,Nn.o,no,poj. 

386. Calculi composed entirely of triple phosphate 
are of somewhat rare occurrence; but mixed, or alternat- 
ing with other matters, and indeed constituting the great 
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bulk of the concretion, this substance is very com 
Such calculi are sometimes found to have been deposited ' 
in concentric layers, and sometimes consist of an aggre- 
gated niass of prismatic crystals. They are usually 
nearly colorless, or slightly tinged with drab or stone 
color. The surface is most commonly rouqh and uneven, 
and often covered with small, shining crystals. 

387. The triple phosphate calculus, when heated before, ' 
the blowpipe, chars, and gives off the smell of ammonia; 
swells up, gradually becomes gray aa the carbonaceous 
matter is consumed, and ultimately fuses. ■ 

388. It is almost insoluble in water, but if boiled, a 
small quantity will be found to dissolve. 

389. It dissolves readily in dilute hydrochloric and 
most other acids, and is again thrown down in the form 
of a crystalline precipitate, when the solution is neutral- 
ized with ammonia. If the precipitate thus obtained be 
examined under the microscope, it will be found to con- 
sist of well defined crystals, which, if the solution has 
been supersaturated with the ammonia, are stellate {Fig. 
10, page 4ti); but if merely neutralized, they are pris- 
matic (ii'ig. 8, page 45) (44). 

390. When heated with a solution of potash, it is 
decomposed, the potash combining with the phosphoric 
acid, and setting free tbe ammonia and the magnesia. 
The former volatiiizea, and may be detected by the smeSl, 
while the magnesia is precipitatetl (49). 

MgO,NH,0,HO,P05+2KO=ZKO,HO,P05-|-Nej-|-MgO,HO. 

SECTION VI. 

Fusible Calcvlua, which is a mixlure of Fhospfiate of Lirn/t\ 
{3CaO,POJ, andlhe Triple Phosphate (MgO.NH.O.HO.T 
PO,). 

891. The fusible matter of which this form of calculas I 
is composed, is, next to uric acid, the most common of | 
the ingredients of calculi. It sometimes constitutes the 
entire mass of the calculus; is also frequently found alter- 
nating with other ingredients ; and very commonly forma 
the outer crust of calculi composed of uric acid and other 
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matters. Fusible calculi are generally oval or irregu- 
lar in form (Fig. 59); white, soft, and 
Fig. 59, friable, resembling cbalk; though oc- 

casionally they are compact and hard. 
S92. Ihis calculus ischieflycharac- 
terized by the readiness with which 
it fuses before the blowpipe, with- 
out being consumed ; in which re- 
Tiutbio ckuin.. gpect it differs from a!l other kinds 
of calculus. During the ignitioa, the 
ammonia and water are expelled, leaving a mixture of 
the phosphates of lime and magnesia. 

Sis&. If a portion of the calculus be dissolved in dilute 
hydrochloric acid, and ammonia added in slight excess, 
the mixed phosphates are precipitated and may be recog- 
nized under the microscope (43). 

394. If the precipitate be rediasolved in acetic acid, 
and the Bolution mixed with oxalate of ammonia, the 
lime will be separated as oxalate, and If this be filtered, 
off (after boiling), the phosphate of magnesia and ammo- 
nia may be obtained as a crystalline precipitate by adding 
an excess of ammonia. 

SECTION VII. 
Oxalate of Lime Calculus (CaO.CjOJ. 

395. Calculi are not unfrequently met with, composed 
almost entirely of oxalate of lime; but more commonly 

the nucleus will be found to con- 
sist of uric acid or urate of lime. 
Oxalate of lime calculi are usually 
very dark in color, either brown or 
dark olive, or a kind of dirty pur- 
ple. Their surface is much more 
irregular and rugged than that of 
otiier descriptions of calculi ; and 
when sawn asunder, they exhibit 
oisiMeat Lime csLtuLu.. ^^ irregular and angular structure, 
as shown in Fig. tiO. From their 
resemblance to the fruit of the mulberry, this variety ia 
1 commonly known as the mulberry calculus. 



Fig. 60. 




DRINAEY CALCCLI. 

, There ia also another form in which oxalate of 
lime calculi are oecaaionally met with, commonly called 
hemp-seed calculi. These are small, round, or oval, and 
very smooth and polished on the exterior ; they generally 
contain also a little urate of ammonia. 

The general form and appearance of these oxalate of 
lime cal(!uli are usually so peculiar and characteristic, 
that they may be in most cases, esisily recognized by 
simple inspection. 

397. Powdered oxalate of lime dissolves without effer- 
vescence in dilute nitric and hydrochloric acids, and is 
again thrown down unchanged, in the form of a white 
precipitate, when the acid solution ia neutralized with. 
ammonia; the precipitate is insoluble in acetic acid. 
Occasionally a little carbonate of lime is found mixed 
with the oxalate, in whiuh case slight effervescence will, 
of course, take place on the addition of the acid. 

398. Oxalate of lime is insoluble in acetic and oxalic 
acids. 

399. When heated, it blackens, and gives off a disa- 
greeable smell, resembling that of burnt feathers. If the 
heat be continued a short time, the residue becomes 
white, and then consists of carbonate of lime, into which 
the oxalate is converted ; carbonic acid being also, with 
other gaseous matters, at the same time given off. 

CaO,C,nj+ o = CaO.CO, + CO,. 

400. Treat the residue formed in the last experiment, 
with dilute hydrochloric acid: it readily dissolves, with 
eflervescence, showing that it has been changed into the 
carbonate. 

401. The solution of chloride of calcium {CaOl) thus 
formed, may be neutralized with ammonia, and tested for 
lime with oxalate of ammonia, which will throw down 
the oxalate of lime (CaO,CjOj+2Aq), in the form of a 
white precipitate (171). 

402. If the oxalate of lime be kept intensely heated 
for some little time, the carbonate which is at first formed 
is reduced to the state of caustic lirae (CaO) ; which may 
be proved by placing the residue, when cold, on a piecQ 

14 ~ 
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of moistened tnrmeric paper, the yellow color of which 
will be turned to brown. 

SECTION VIII. 
Urate (or Liihate) of Lime (CaO,HO,CioH,N^OJ. 

403. This substance, though never found composing 
entire calculi, is not unfrequentlj present in small quan- 
tities in concretions whicb consist chieflj of uric acid, 
oxalate of lime, or other matters. 

404. Urate of lime is nearly insoluble in cold water, 
but dissolves in hot, though somewhat less readily than 
urate of ammonia (875). The hot aqueous solution de- 
posits it again on cooling, generally in the form of minute 
needle-shaped crystals. 

405. Like the other urates, it is decomposed by hydro- 
chloric acid. If the acid be added to a hot aqueous solu- 
tion of the salt, a crystalline precipitate of uric acid is 
thrown down (377, 378), and chloride of calcium remains 
in solution. 

406. When tested with nitric acid and ammonia, in 
the manner described in paragraph 371, urate of lime 
behaves like uric acid and the other urates, yielding the 
rich purple color of murexide. 

407. As this is the only salt of lime found in calculi 
which is soluble in hot water, it may be supposed to be 
present when, after boiling a little of the powdered cal- 
culus in water, the hot aqueous solution gives a white 
precipitate of oxalate of lime (CaO,0jO3+2Aq), when 
tested with oxalate of ammonia. 

SECTION IX. 
Cystine (CeHeNO.SJ. 

408. Calculi of cystine are of rather rare occurrence. 
They are usually more or less crystalline in structure, 
not deposited in laminae, soft, and of a pale brownish- 
yellow or greenish tint. Small calculi composed almost 
exclusively of this substance have been occasionally 
found in the dog. 

409. The chemical characters of cystine, and the me- 
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thoda of distinguishing it by tests, will be found described 
ia the chapters on urine (172, 269, ta-..). 

410. The following directions will facilitate the identy 
fication of the several varieties of urinary calculi. 



CnAPTEE IT. 



411. "When a calculus has to be examined with a view 
to ascertaining the niiture of its ingredients, a very few 
simple experiments, conducted on some such plan as the 
ibllowing, will generally famish the required informa- 
tion. The calculus should first be sawn through, and the 
loose duat gently brushed away. If the several lamina 
of which the mass Is composed appear to be homogene- 
ous, and to consist of the same kind of matter, a small 
fragment may be taken from any part of it for examina- 
tion (412); but if, as is more frequently the case, there 
appear to be two or more different kinds of matter con- 
tained in the several layers (^67), fragments of each of 
them should be carefully detaclied from the mass, and 
examined separately in the following manner, 

412. Place a small fragment on platinum foil, and heat 
it to redness before the blowpipe, until the blackness of 
the charred animal matterdisappeara. Observe whether — 

(a) It bcrns away, leaving only a mtnute tkace. 
OF ASH (413); or 

(i) It proves INCOMBCSirBLE, WITHOUT MATERIALLY 
LESSENINO IN HULK (414); or 

(c) It is Partially consdmbd, leaving however, a 
considerable residue of incombustible matter (415). 

413. If it BUBN3 away, leaving only a minute trar^e 
of incombustible ash, it is probably either uric acid, 
urate of ammonia, or cystine ; or possibly a mixture of 
two or more of them. See 416—419. 

414. If it is incombustible, not materially lessening 
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in bulk during tbe ignition, it ia probably eitber phos- 
pbale of lime, triple phosphate, fusible matter (391), 
oxahite of lime (converiei into carbonate by the heat), 
urate of lime (also converted into carbonate); or, perhaps, 
two or more of tliose substances mixed together. See 
420—425. 

415. If THE FRAGMENT IB PARTIALLY CONSUMED, it wiU 

probably be found to consist of a mixture of one or more 
of the combustible substances meutiooed in paragraph 
413, with some of those enumerated in paragraph 414. 
See 426^28. 

Examination of conibudible Calculi (413), 

416. If the calculus (in powder) is found to be spar- 
ingly SOLUBLE IN WARM WATKB; SOLUBLE IH" DILUTE 
SOLUTION OF POTASH, without the evolution of ammonia ; 
and to form, when teateJ with nitric acid and ammonia, 
a PURPLE RESIDUE; it IS probably uBic acid (370, 372, 
371). (Confirm 373.) 

417. If it is found to be soluble in hot water; 
SOLUBLE IN DILUTE SOLUTION OP FOTASH, with the evo- 
lution of ammoniacal vapors; and to yield, with nitrie 
acid and ammonia, a pubplb residue; it is probably 
URATE OP AMMONIA (375, 377, 37<i). (Confirm 373.) 

418. If it is found to be insoluble in warm water ; 
readily SOLUBLE in AMMONIA; the ammoniacal aolutiou 
yielding, on slow evaporation, hexagonal crystalline 
PLATES, it is probably cystine (174, 173). (Confirm 174, 
271, 273). 

419. If it is suspected that more than one of the above 
substances are present, a. little of the powder may be 
boiled with water, and if any portion remains undis- 
solved, the mixture filtered while hat. 

{a) If the clear filtered liquid deposits on cooling an 
AMORPHOUS precipitate, URATE OF AMMONIA is prob- 
ably present (375), (Confirm 417.) 

ip) If the inauluhla portion gives a purple color 
when tested with nitric acid and ammonia, uric acid ia 
probably present (371). (Confirm 416.) 

(c) If the insoluble portion ia wholly or partially 
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SOLUBLE INAMMMOSIA : t.Sie amiiioniacal solution, yielding 
on evaporation, hexagonal I'latks, cy3TI:!Ib is probably 
present (173).* 

Examinalwn of Incombustible Calculi (414). 

420. If ihematterofthecalculQa is INFUSIBLE BEFORE 

THE BLOWPIPE; SOLUBLE IN DILUTE HYDROCHLORIC ACID ; 

the acid solution of the substance after ignition, yielding, 
when neutralized with ammonia, an amorphous precipi- 
TATB, it is probably PHOSPHATE OP LIME (379, 381, 382). 
(Confirm 3t^3, 384.) 

421. If it is TOLERABLY FUSIBLE, before the blowpipe; 
SOLUBLE IN DILUTE HYDROCHLORIC ACID ; the acid Solu- 
tion giving, when neutralized with ammonia, a crystal- 
line PRECIPITATE, it is probably triple phosphate 
(387, 389). (Confirm 390.) 

422. If it is readily fusible before the blowpipe; 
soluble in dilute hydrochloric acid; the acid solu- 
tion yielding, when supersatuated with ammonia, a 
PRECU'ITATE, which, when examined under the micro- 
scope, is found to contain both amorphous particles 
and also crystallise stell-B, it is probably composed 

of the MIXED OR FUSEBLE PHOSPHATES (392, 394), 

423. If the substance, before ignition, is soluble with- 
out EFFERVESCENCE, in dilute hydrochloric acid; the acid 

solution yielding a WHITE PRECIPITATE WHEN NEUTRAL- 
IZED with ammosia : and after gentle ignition, is soluble 
WITH EFFERVESCENCE in the dilute acid ; the acid solu- 
tion, moderately diluted, now yielding NO precipitate 
when neutralized with ammonia, it is probably oxalate 
OP LIMB (397, 400, 401). (Confirm 398, 402.) 

424. If the hot aqueous solution, formed by boiling a 
little of the powdered calculus with water, gives a white 
PRECIPITATE WITH OXALATE OF AMMONIA, the presence 
of URATE OF LIME is indicated (407). (Confirm 404,405, 
40d.) 

* A very rara combastible caloulna, diacovered by Heller, is callnd 
nrostealilh. It ia aiift aud sliiatia wIihd fresh, lint beoames Lard utter 
drying. Wlien Imated il evolves a resinous odor, aomnwliat siiolliir 
to that nf lienjoin. It is readily Holnble in Hitlior, aud sparingly in 

14* 



425. If it is Buapecteii that more than one of the above 
substances are present in the portion of the calculus 
under examination, it may be gently ignited, and then 
treated with dilute hydrochloric acid, 

(a) iFEFFEHVESCEycK KNSUEs{thecaIeulu3 before igni- 
tion, not causing effervescence with the acid), oxalate (or 
possibly urate (c),) of lime ia present (3!I7, 400). 

(t) Supersaturate the acid solution with ammonia ; and 
if any PRECIPITATE IS PRODUCED, examine it under the 
microscope for phosphate of lime and triple phos- 
phate (382, 389). 

(c) Boil a little of the powdered calculus with water ; 
and test the hot aqueous solution thus obtained, witb 
oxalate of ammonia. If a white pbecipitatb ia pro- 
duced urate of lime is probably present (407). (Con- 
firm 405.) 

Examinalion of Partially Combustible Calculi (*15). 

426. When the calculus, or any portion of it, is found 
to be partially consumed when ignited, it is probably a 
mixture of one or more of the combustible matters 
enumerated in paragraph 413, associated with one or 
more of the incombustible ingredients mentioned in 
paragraph 414. 

4z7. A portion of the calculus, before ignition, may 
first be examined for the organic or combustible ingre- 
dients, in the manner described in paragraph 41&, n, fi, 
and c. 

428. Another portion of the calculus may then be 
gently ignited on platinum foil, and the residue examined 
for the inorganic matters, according to the directions 
given in paragraph 4^5, a, 6, and c. 
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CHAPTER III. 

BILIARY CALCULI OR QALL-STOXES. 

429. Biliary calculi are uaually of a pale yellow or 
brownish color; soft, soapy lo the touch, and easily 
crushed into small fragmenCa by pressure; and the tex- 
ture of the niasa is in most ciiaea decidedly crystalline. 
The size most commonly met with is 

about that of a pea; buttheyarefrequently pjg. m, 

found much smaller, and oceasionally ^.^ 

almost as large as a pigeon's egg. The ^K 

form is generally irregular and some- ^\ 

what angular, as shown in Fig. 61. ^t^ ^ttm 

430. They usually contain from fifry ^^^^ 
to eighty per cent, of cholesterin {Cjjil„ ^iiisry caionu. 
O,); the rest of the concretion being 

made up of biliary resin and coloring matter, mucus, 
and traces of other animal matters,* with a small quantity 
of inorganic salts. The percentage composition of three 
specimens analyzed by Brande was as follows ; — 



CliornMeriii .... 81-26 60-78 81-77 

fiiliarv nsein . . . . 3 Vi 5-M 8-83 

Bile-pigmeut .... 9-38 ll-as 7-67 
AlbuiuHii nnU salts extractaltu 

bj w»rar .... 3.83 

Biliar/ maous . . . 6-25 13-aj 



4iJl. Ileatasmull fragment of gall-stone on pjatino' 
foil ; it will fue^e and burn with a bright but smoky flame, 
leaving a small fixed residue, consistiiigofinorgaiiio salt.". 

4'62. When coarsely powdered, it dissolves readily in 
boiling alcohol ; and on cooling, the cholesterin crystal- 
izea out in the form of fine scaly crystals. (Fig. 62), 

* Among whioli ateainla and paluiiute of lime bava bean notiued. 
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while the biliary resinous and coloring matters remain 
in Bolution, giving the liquid a yellowish tinge. 

433, It is insoluble in dilute nitric and bydrochlorie 
iicids. It ia ioaolublo also in a solution of potash ; tbua 
differing from other faity 
^" "■- and oily substances, 

which cholesterin re- 
sembles in many parts, 

Cboleslerin is found ia 
large quantity in the 
fluid in ovarian dropsy, 
and in hydrocele. 

434. For a more com- 
plete analysis of biliary 
calculi, Dr. Thudichum* 
''""'°"'"'"' recommends the follow- 

ing process: The powdered calculus is digested with hot 
benzole, which dissolves the cholesterin. The' residue, 
having been washed with alcohol, and dried, is treated with 
ether and a little nitric acid, bj which the faUy acida are 
removeil. On washing the residue on the filter with 
water, phosphates and nitrates of lime and magnesia are 
extracted (with occasionally a little copper). The final 
residue consist" of biliary coloring matter, and a small 
quantity of earthy salts. . 




CHAPTER IV. 

GOUTY CONCRETIONS. 

435. These earthy concretions, which form in the joints 
of gouty persons, are usually white, or nearly so, soil 
and friable, closely resembling chalk in appearance, and 
hence commonly known as chalk siffiies. They seem to 
vary a good deal in composition; but in the great majority 
of those wbicb have been analyzed, acid urate of soda 

• Cliera. Soo. Quar. Joofd., Jnly, ISUl. 



(NaOjHO.CioHjNjO,) appears to form the principal and 
most characteristic itigreiiient. They coatain also a con- 
aitlerablequanlity of chloride of sodium and dried cellular 
tifwue; with occasioaally urate of lime (CaO,HO,C,oHjNj 
Oj), phoaphate of lime (3CaO,PO,), and chloride of putaa- 
eium. The presence of a large quantity of uric acid 
may be shown by the formation of the purple-colored 
murexide, when a little of the concretion, Id powder, is 
treated with nitric acid and ammonia, in the Dianner^ 
described in paragraph S71. 
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436. Reduce the concretion intended for analysis to 
tolerably fine powder, and digest it in cold water to 
dissolve out the chlorides of sodium and potassium. 
Filter the solution from the insoluble portion, which 
must be reserved for subsequent examination (440). 

437. Test a few drops of the aqueous solution thus 
formed with nitrate of silver. A white curdy precipitiite, 
which is readily soluble in ammonia, but insoluble In 
nitric acid, will show the presence of chlorine (chloride 
of potassium or sodium) (41, a). 

438. Mix the real of the aqueoussolution with bichlo- 
ride of platinum; evaporate the mixture to dryness, or 
nearly so, on a water-bath; and observe the yellow, 
Eeedle-shaped crystals of the double chloride of sodium 
and platinum (NaCl,PtClj), showing the presence of 
BODIDM (chloride of sodium). 

439. Add a little alcohol to the evaporated residue, 
and observe whether any small, yellow, sandy-looking 
crystals remain undissolved, indicating the presence of 
POTASSIUM (41, e). 

440. The portion which proved insoluble in cold water 
(43H), may now be treated with hot water, and gently 
boiled with successive small quantities of the liquid as 
anything appeiirs to dissolve. The urate of soda is thus 
slowly dissolved, together with any urate of lime that 
may 'be present (97, 40i). The matter which proves 
insoluble in the hot water is to be retained for subsequent 
examination (444). 
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441. Hydrochloric acid is now added in slight excess | 
to the hut aqueous solution, and the mixture set aside | 
until it coolfl, in order to allow the uric acid, which will 
have been displaced from the aoda and liine by the hydro- ' 
chloric acid (405), to separate completely frona the solution. ■ 
The uric acid is thus precipitated; leaving in solution j 
chloride of sodium, and also, in case any urate of lime I 
was present in the concretion, a lilllechloride of calcium. I 

442. The mixture thus obtained is filtered. The CRio I 
ACID may be examined with the microscope and with ' 
other tests (373, S71); and a littleof theaqueoussolutioa 
may be neutralized with ammonia, and tested for LiitE | 
with oxalate of ammonia (171). 

443. The rest of the aqueous solution may be evapo- 
rated at a gentle heat with bichloride of platinum; when 

the yellow needles of the double chloride of sodium and | 

platinum will prove the presence of a large quantity of | 
SODA derived from the urate (435). 

444. The remaining portion of the concretion, which j 
resisted the action of the hot water (440) maj now bo j 
examined. It will probably be found to consist chiefly | 
of dried cellular matter, with perhaps a little phosphate . 
of lime (435). The animal matter may be burnt away, I 
by keeping it at a red heatunfll the blackness disappears; 
al^r which the incombustible residue may be examined . 
in the manner described in paragraph 4"io, and will prob- ' 
ably be found to consist of phosphate of lime. ( 

445. The following is an analysis by T. J. Ilerapath of i 
some concretions taken from the joints of the Angers of 

a man suffering from gout: — 

Fit J123 

Clilorida of Rodiaiu 
PhoiiplistH of anila 
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AlbUIUBD 

Urala of 9oda, with souik uraio of poUsh ". 43-373 

UratooflimB ]4'7(i9 

PhospliatH of lima 34-141 

PrrpliospliRle of iron ..... trscus. 

Water aud loss 5-394. 

lon-ooo 
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CHAPTER V. 

SOLID EX0EEMBNT3. 



445(1. The separation of the proximate principles con- 
tained in the solid excremeats ia eS'ected by Dr. Marcut, 
by the following process; — 

The feces are exhnuHted by boiling alcohol, and rapidly 
Btraiiied through a cloth. The hilcoholic solution, on 
BtatidtDg Tor a short time, yields a deposit which is partly 
dissolved by boiling alcohol; the insoluble portion of 
this deposit is boiled with potash, which dissolves it 
almost entirely, and the alkaline solution neutralized 
with hydrochloric acid, gives a deposit of margaric nci'd, 
whilst the acid filtrate, neutralized by ammonia, yields a 
precipitate of phosphate of lime. 

The alcoholic solution, after longer standing, deposits 
aome margarate of magnesia, and if exposed to cold for 
some hours, it gives crystals of excreti'ne. 

If the solution obtained by boiling the first deposit 
with alcohol be evaporated to dryness, the residue ex- 
tracted with ether, and the ethereal solution heated with 
alcohol and lime-water, a precipitate is formed which 
when treated with hydrochloric acid and ether, yields, 
on evaporating the ethereal solution, an olive-colored 
substance named excretolk acid. 

If the alcoholic liquid containing the excretine (or from 
which the excretino has been separated by cooling) he 
mixed with lime, a yellowish-brown deposit is formed, 
which yields excretine to boiling ether. If the portion 
left undissolved by ether be treated with alcohol and 
hydrocloric acid, it gives a port-wine colored solution, 
which deposits margaric acid on standing. If water be 
then added, and the solution concentrated by evaporation, 
a brown substance separates, which may be purified by 
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solution in either and washing with water. It then much 
resembles the coloring matter of blood and that extracted 
by Dr. Harley from nrine (36). 

Excreiine (C^H^O^). This new proximate principle 
crystallizes in four-sided prisms, which are insoluble in 
water, and sparingly soluble in cold alcohol, but dissolve 
readily in ether. Its solution has a feeble alkaline reac- 
tion. It fuses a little below 212^, and is not dissolved 
by boiling with solution of potash. 

Bxcretolic acid^ the composition of which has not yet 
been determined, is a very fusible olive-colored body, 
which is insoluble in water and in boiling potash, dis- 
solves sparingly in cold alcohol, but readily on heating, 
and is very soluble in ether. Its solutions have a marked 
acid reaction. 

As far as they have yet been examined, healthy 
human excrements contain — 

EzcretiDe.* 

Ezcretolic acid. 

Pecaliar red coloring matter. 

Margarates of lime and magnesia. 

Bntjric acid. 

Taurine. 

Pliosphate of lime. 

Phosphate of magnesia and ammonia. 

Phosphate of potash. 

Insoluble and undigested matters derired from the food. 



* Dr. Marcet estimates the average amount of excretine in each 
evacuation at about 2*8 grs. In the feces of an infant cholesterine 
was found, but no excretine. The feces of a man with a diseased 
pancreas contained a large portion of bistearate of soda. 



PART III. 

BLOOD. 



CHAPTER I. 

HEALTHT BLOOD. 



Oeneral Characters of Blood. 

446. The general appearance of blood, as it flowsf^o^l^ 
the veseelfl through which it circalates io the living bodj, 
is familiar to every one, as an opaque, slightly viscous 
flaid, of a more or less brilliant red color; that from the 
arteries being brighter and more scarlet than that from 
the veins. It has, while warm, a faint though character- 
istic odor, differing in the blood of different animals, and 
a saline and disagreeable taste. The specific gravity of 
healthy blood appears to vary from 1050 to 1058, tte 
average being about 1055. It is always alkaline* to 
test-paper, from the presence of an alkaline carbonate. 

447. While circulating in the vessels, blood consists 
of a nearly colorless and transparent liquid, in which 
float myriads of minute vesicular bodies or corpuscles, 
of which by far the greater number are of a bright red 
color; and these, being so small as to be individually 
quite invisible without the aid of a tolerably good miero- 
Hcope, give the blood, when seen with the naked eye, the 
appearance of being a homogeneous red fluid (451). A 
few of the corpascles are colorless, and difter also in other 
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respecte from the red ones (464). The fluid portion of 
the blood, in which the corpuscles float, is usually called 
the liquar sanguinis. 

44y. The most remarkable peculiarity presented by 
the blood is the spontaneous coagulation which it begins 
to undergo almost immediately after being drawn, gra- 
dually separating into a more or less firm and solid red 
coagulum or clotj consisting of coagulated fibrin mixed 
with the corpuscles, and a pale yellowish, transparent, 
watery liquid, called the serum, holding in solution all 
the other solid matters of the blood. The nature and 
cause of this phenomenon will be more fully explained 
further on (473). The specific gravity of the serum is 
lower than that of the entire blood, being about 1029. 

449. The chemical composition of the blood is highly 
complex ; and though the nature of the principal ingre- 
dients is now tolerably well understood, our knowledge 
of the more obscure parts of its history is still very im- 
perfect. The following substances appear to enter into 
its composition (Simon), and probably further researches 
will reveal the presence of other compounds, and, per- 
haps, also prove the non-existence of some of those now 
included in the list. 



Protein compounds 

Coloring matters . 
Extractive matters 

Fatty matters . . 



{ 

{ 
{ 



Saline matters . 



Water, 

Albumen, 

Fibrin, 

Globulin, 

Hsematiu, 

Hsemapbsein, 

Alcohol extractive (containing traces of urea), 

Water extractive, 

Cholesterin, 

Serolin, 

Margaric acid. 

Oleic acid, 

Red and white solid fats, containing phosphates 

Oxide of iron. 

Albuminate of soda. 

Phosphates of lime, magnesia, and soda. 

Sulphates of potash and soda. 

Carbonates of lime, magnesia, and soda, 

Chlorides of sodium, and potassium, 

Lactate, urate, and probably hippurate of soda, 

Oleate and margarate of soda, 
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Gases* .... J NilrogHii, 

I. Carboiiiu aoiil, 
Sulpliur, 

450. It will, however, be more convenient for oar pre- 
sent purpose, to consider the eonatitueots of the blood as 
arranged io the following manner, the more iraportant 
Bubstancea only being placed separately, and the others 
being, for the sake ofaimplicity, ^ouped together :- 

Water, 

Hed and white corpuaoles, 

AlbDiiiea, 

Alcohol extraotWe, 
Water extractlTS, 
Oily fata, 

Crystallitie or solid fats. 
Fixed Ealine matten. 

A short description of each of these subatances and 
groups, will assist in rendering the subsequent analytical 
operations, both qnalitaliveand quantitative, more simple f 
and intelligible to the student. 



Blood- Corptincles. 

451. If freahly-drawa blood, previous to coagulation, 
be examined under the microscope, it will be found to 
consist of a transparent and nearly colorless fluid, in 
which float innumerable minute, circular, disk-shaped 
bodies or corpuscles, of which by far the greater number 
appear of a pale yellowish color, though they are in 
reality red; the paleness of the color being caused by 
the red rays from each of the corpuscles being spread 
over BO large a surface. It is to these corpuscles that the 
red color and opacity of the blood are due; the liquor 
aanguinis or fluid portion of the blood, in which they 
float, being nearly colorless and perfectly transparent. 

452. These minute bodies, which, when the blood is 

* These gasea appear to be contained, at leaat chiefly, in llieblood- 
cnrpasclps : liin suruui bad been shoiTLi to hare 7er; little power of 
absorbing t;aaQ9. 
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Rg. 83. 




first dratm, Soat Treely in the Hqwr ftmyuinu, occasionallj 
ftdhore together, funuing little aggregations resembling 
string of beads or rolls of coin 
(Fig. 63); this arrangetnent, bow- 
ever, \s Dot always permaoeat, 
and the corpuscles gradoaJIj be- 
come againdisnnited and scattered. 
^^ ^^^ The tendency to aggi^^iale K>- 

#^BAik MM^ [ «^ther is usually greater dnriog 
m^^Kw ^Kf (^ inSammatory state, freqmatlj 
^^^" ^^" ' causing the red corposdea to oij- 
lect ID irregularly shaped ma 
which sink more rapidly i 
when they are detached Gkhd e 
other. This is one of tbe eat 
which tend to prodaoe what is known as the buffy eeat^ 
which was formerly supposed to be always indicatiTe ol 
inflammaiioB, but whiuh haa since been found to be 
formed almost wheneTer the fibrin, from whatever caase^ 
coagulates more slowly, or tbe corpuscles subside more 
7a[MdIy, than in healthy Mood (464, 473). 

4dS. The red oorpoiides of human blood hare an aver- 
age diameter of about saw 
Kg- **• of an inch. They are oearlj 

circular, flattened disks, each 
being slightly depressed and 
ooncave in tbe centre; their 
thickness is osoally about one- 
Iburtb or ooe-fiftfa of tb<^ 
diameter (Kg. fti).* 

, 454. Wbeo, owing to tbe 

^ 4^ solidiScatioo of tbe fibrin, tbe 

.M*. blood ooag«tIales {*1S\ tbe 

eorpoadea mdoally bmnne 

witKBskd ia iIm aetwork of Un stdidSyiDg ckit, which 

i^taoQa9»i)iMiK«,ora bright red color; wbOe tbe serum, 

wdtfibriaaled lifmr oMfrntix, i& lef^ Dearly colofkas as 

■ Fte fankiM pMtkNkkF* ivUtiw to iW ttrvetai* of tW l^ii ... 





tbe clot snlDsirles. In couaeqiience of the corpviaclea 
being slightly heavier than the liquid in which they float, 
they begin very slowly to subside almost irameiiiately 
after the blood is drawn; so that the lower portion of 
the clot usually eontaius a larger proportion of them, 
and has consequently a deeper color than the upper. 
This is the case to a remarkable extent in certain morbid 
conditions of the blood, which will be noticed farther on 
(589). 

455. The red corpuscles appear to consist of delicate 
membrauous vesicles, filled with the red fluid to which 
they owe their peculiar color, which fluid ia supposed to 
consist of a coloring matter containing a conaideruble 
quantity of iron, to which the name of hEematin has been 
given, associated with a protein compound, in many 
respects analogous to albnraen, and called globulin. The 
inclosing membrane, which ia highly elastic, appears to 
be composed either of coagulated fibrin or albumen, or 
of some other modification of protein closely allied to 
them, 

466. When placed in solutions of different densities, 
the phenomena of endoamosia and exosmoaia presented 
by the corpuscles are very curious and interesting, and 
may be seen with great facility with the help of a tolerable 
microscope. As long as the fluid in which tbey float ia 
of the same density as that which they contain^such, for 
instance, as the liquor sanguinis — the corpuscles experience 
little or no change of form. But if the externaJ liquid 
is less dense than that contained in the corpuscles, the 
latter will become more or less distended and globular, 
owing to the lighter fluid, in obedience to the well-known 
laws of endosmosis, passing through the membranous 
vesicles into the interior more rapidly than the heavier 
fluid within can pass outwards. If, on the other hand, 
the external liquid be more dense than that contained 
within the corpuscles, the contrary effect will be pro- 
duced, and the corpuscles will immediately begin to 
collapse and assume a wrinkled appearance (Fig. 65). 
This change of form not unfrequently takes place spon- 
taneously, while a drop of blood placed between two 
surfaces of glass is being examined under the micro- 
lo* 
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Fig. 65. scope. especiiillT near the 

edees. where, owin? to eva- 



I "^ ^^ jH (S^ ponitioD, the liquid with 

I 5 ® ^ /J which the corpuscles are in 

! --^«/s^• >^-^ ■" contact gradnallT becomes 



,J<>r^ ^s St# ^ '^ ^ more oonoentratei and con- 
,--->, ® ^ ^^ ^ sequentlT more dense. 
■^'^^ ^.%; J^ ^ 5f 457. The liquor aangninia^ 

- Z^'^^g?**-^ -if" or fluid ponicm of the blood, 
*" '^ ^ :: \ ~, as it exists in the living 
4o:> diuLeun. bodT, and before it under- 

goes coagulation, appears to 
possess the same deDshv as the red fluid contained in the 
vesicles: so ihat^ as long as it coDtiuDes so. no change 
take^ place in the form of the corpuscles^ When, how- 
ever, the fibrin which was before dissolved in the liqacx' 
sanguinis, has coagulated, the resulting semm beoomes 
less dense, in consequence of its hojd:ng in solution a 
smaller amount of solid matter ^44S^. The effect of this 
upon the blood-eorpuso^es is to causae them, when in oon- 
taei with the serum of coagulated Kooi gradually to 
enlarge in size, in coT^secuence of ihe increased rapidity 
w:ih which the ie^ dcLse serur-i eriters through the mem- 
bra D -"^us : L :oi: umer.t^ 

4o^. 1: ::.e rcvi i.vrri:s:!-:^< be bro::irht in contact with 
wa:or. ino o:::.r.4re is ex:rcr.itlv T^riA; thev instanilv swell 
tv^ a r.ra,.n -.'.tot si^o. :r.c* vi^::Ie^? bivoming less? and less 
o,:<;:r.o:. \:r.* 1 at ^-^v^iV. i:: ^:^ the c:uant:iv of water is 

V . * >....* ... * . ». » «. i>i I ,.4 . T\ , X », ;2^j«*. ..'Cjir. 

tOi-'. \Vio:\ ou'.r.,: i.> tbe i^.v.ou of water, or some 

oihor V.v-^.r-ivi of v\':r;^.'i:r*i:volY I:*v s:>ec:5c craTitv, the 
v^'.»»*i*K«vo •.^4«v «*i\«...s v,4>iv.. ..^.•»., 4«4i^ A^iSi, II Ujc ms- 

tc:;.<:v^r. 1 AS r.v^i Kvr. f*V.^^\KiV. is^ co t^x^ far. be airain 
b:v;:j:Vi \\v k ;^':v.vV:i ;s^ i>.o:r orx *.:a'. s:.^.i\ ar.d even be 







p.^ts^sl\ ,^•.^^^,'i.^;v.J\, ,\^\^io j^s-:,*,, ? ■..,! N^v.'i^,^ O;ho:- f.*;iv^i;. 

461. .\ 1 1 ho * ;ii h \* ,N : V i; ; \\ *. . \' i ,^ n, • ; vj; ■.••. ro l^c v'O "^ ^ UScles 



from llie blood by filtration, since they pass readily 
through the pores of the filter, it ia found that when 
mixed with certain strong saline solutions, they are re- 
tained by it. A solution of sulphate of soda, for example, 
taring a specific gravity of about I'lS, when mixed with 
the blood, effectually prevents the passage of the cor- 
puscles through the filter. This remarkable property 
Las been applied by Figuier to the purposes of analysis 
(582)* 

462. When blood is allowed to dry at common tem- 
peratures, and is subsequently moistened, even after the 
lapse of considerable time, with some liquid having a 
specific gravity similar to that of the serum (448), the 
corpuscles are found to have retained their characteristic 
form and appearance, and may be readily distinguiaheil 
under the microscope. This circumstance has been inge- 
niously applied for the purpose of solving a question 
which in some medico-legal inquiries is one of grave 
importance, viz., whether the stains found on clothing or 
elsewhere are or are not ataing of blood, 

463. For this purpose the stain is to be moistened, 
and gently rubbed with a little fresh white of egg, or 
Bome other fluid having a specific gravity of about 1030 
to 1050. It is then scraped oft' and a little of the mix- 
ture examined under the microscope with a tolerably 
high power, when, if the stain consisted of blood, the 
characteristic corpuscles will, in most cases be distinctly 
visible. 

It ia, of course, desirable to obtain chemical as well as 
microscopical evidence of the presence of blood in the 
stain under examination. With this view, the stained 
material should be soaked in a little water for an hour or 
two, wheu, unless the Stain be of long standing, a portion 
of the blood will he extracted, imparting a dingy reddish 
color to the liquid, to which the following tests should 
then be applied : — 

(a) Boil a portion in a test-tube ; a dirty red coagulum 

• Ancording to Dnmas, osjgen should be pnased thrODgh tlia 

liqnid during fiUrnti 

diopiiilD it, ill Didei 
filter. 



nof sulpbateof aodn . 
It tbe olialrnctiuii of tlie porus ol l 
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should be formed. On dissolving this in boiling potash, 
the solution should be green by transmitted and red by 
reflected, light 

(6) Chlorine-water should decolorize the liquid, and 
produce a white flocculent precipitate. 

(c) Nitric acid should produce a brown coagalam of 
albumen and coloring matter. The albumen may also be 
tested for with chloride of mercury, and with acetic acid 
and ferrocyanide of potassium (137, 138). 

(cf) Evaporate the remainder of the solution to dryness, 
and heat the residue, observing whether the offensive 
odor of burnt blood is evolved. Incinerate the residue 
completely, and boil the ash with a few drops of hydro- 
chloric acid ; dilute the solution with water, and test for 
iron with ferrocyanide of potassium. 

If the blood has not been extracted by soaking in wa- 
ter, the piece of stuflT with the stain should be placed in 
a stout glass tube, closed at one end, about half an inch 
in diameter, and five or six inches long. About a 
drachm of distilled water should be poured upon it, and 
the tube drawn out and sealed before the blowpipe, at 
about two inches from the open end. The sealed tube 
is then heated to about 300** to 310° Fahr. for about an 
hour.* At this temperature the fibrin as well as the 
albumen of the stain will dissolve in the water. When 
the tube has cooled, it may be opened with a file, and 
the liquid examined. It should have a yellow or reddish 
color, and a feeble alkaline reaction to reddened litmus- 
paper. Of course, it would not be coagulated by heat, 
but nitric acid, chloride of mercury, and ferrocyanide of 
potassium (after acidifying with acetic acid) should yield 
precipitates. 

The fabric from which the soluble matter has thus been 
extracteil, will gonendly retain some of the iron of the 
blooil, and may W examined, for further confirmation, 
bv the followins* tosti*: — 

(a) If it bo boiled in water containing a little tannic 

* Thi3 miT W eff<»ot^l «»Uli<^r br »u$p^udiu4( it in oil wliioh is after- 
wards heated to that temtvr«tur«» or bv plaoiu^ it iu a hot-air bath. 
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acid, or tincture of galls, it acquires a black or gray 
color, 

(5) The same piece may be boiled with a little dilute 
Jiydrochloric acid, the solution diluted, and tested with 
ferrocyanide of potassium for iron. 

(c) Another piece may be coiled with hydrochloric 
acid, and the solution tested for iron with ammoaia and 
hydrosulphate of ammonia. 

It is always advisable to repeat the above experiments 
with an unstained portion of the same fabric, especially 
if the latter be made of a colored material. 

Identificalion of hJood spots upon iron. — Spots of blood 
are generally much more easily detached than those of 
ordinary rust, and may be recognized by the following 
tests : — 

(a) Digest in water at about 100° Fahr. A recent 
Btain will l>e dissolved, and the solution may be tested 
by boiling, by nitric acid, and by chlorine {see above). 

(6) If water does not dissolve the stain,* boil it with 
a dilute solution of potash, and test the solution with 
nitric acid and chlorine^ 

(c) Heat a portion of the suspected rust in a tube, and 
observe the odor. 

(d) Heat another portion in a tube with a fragment of 
solid hydrate of potash or soda; notice if any ammonia 
18 evolved during the fusion. All rust would evolve a 
little ammonia; but an abundant evolution of this sub- 
stance would afibrd some evidence of the presence of 
blood. A part of the nitrogen contained in the blood 
would be converted into cyanide of potassium, which 
may be detected by dissolving the fused mass in water, 
adding a little solution of protoaulphate and perchloride 
of iron, followed by an excess of acetic acid, which should 
leave a blue precipitate (Prussian blue). 

464. While coTpuscles of Che blood. — In addition to the 
red corpuscles, there are always present in the blood 

* Rose (Journ. Phnrra.. xxviii. 43(i) has proved by diraot eiperi- 
ment that Ij.rdrate'l pHroxidn of irou (rust) forois an insoluble ooia- 
ponud witli tlie coloiing mattei of tlui blood. 
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Fifi- fi''- a few colorless particles,* 

^B • ^ A somewhat larger than the 

©^ @ coloredonesiand otherwise 

<© _%_ ^ ;Sb ti'Sijring from them in gen- 

i®i^^^ r^ @^ ^ral appearance and struc- 

Z, ^@ tare (Fig 66) They are 

■ (Ul ^^9 xs. ^^ irregular forms, some- 

*' 'S? • ^ times spherical, slightly 

„,, „ ,,.„,. , . granular OQ the surface. 

Whin Corrnnclei ot Ihe BUod, magnlflod = , ,.,.,' 

400 4i«iii«ieri. and appear to be identical, 

or nearly so, with the pecu- 
liar corpuscles always present in the lymph and the 
chyle. When treated with acetic acid, the granular ex- 
terior becomes transparent, as in the corpuscles of pus, 
and one or more internal nuclei are rendered visible. 

465, The proportion of corpuecles present in healthy 
blood is usually about 130 parts in 1000 (573).t 

465a. Heermitin.—l.n order to separate the peculiar 
coloring matter of the blood -globules, freshly drawn 
blood, which has been tjcfibrinated by stirring, ia mixed 
with eight volumes of a saturated solution of sulphate of 
soda, and set aside, in order that the globules may sub- 
side. The deposit is collected upon a filter, washed with 
solution of sulphate of soda, boiled with alcohol contain- 
ing a little sulphuric acid, and filtered while hot. The 
globulin is then removed from the solution by precipita- 
tion with carbonate of ammonia, the filtered solution 
evaporated to dryness on a water-bath, and all soluble 
matters removed from the residue by boiling water, alco- 
hol, and ether. By treating the residue with ammoniacal 
alcohol, the h^matin is dissolved, and may be further 
purified by evaporating the clear solution to dryness, and 
washing the residue with water. 

The dark brown coloring matter thus obtained is re- 
markable for its containing a large proportion (6'6 per 
cent.) of iron, its composition being represented (accord- 
ing to Mulder) by the formula C.^H^NjO^Fe. If it be 

* Tlieaa Lave a lower speciSc gravity tlian the red oorpaaclea, and, 
therefore, aoGnmlilatB an tha upper BUi'facH of the olDt. 

t Acoording to Deuia, tlie;' contatD ouh part of aolzd mslter, and 
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digested with cold strong sulphuric acid, it forma a brown 
liquid, and if this be diluted, hydrogen ia evolved, and 
a dark brown flubstaoce left, whilst sulphate of iron 
(FeO.SOj) ia found in solution. Chlorine also removes 
the iron, but at the same time destroys the color, pro- 
ducing a white coagulum. In its general chemical 
characters, hasmatin resembles the albuminous class of 
substances. 

Hiemaloidin, or blood-crystals.— y^hen a drop of blood 
is diluted with a little water on a slip of glass, lightly 
covered with a piece of thin glass, and left in the sunlight 
for some hours, minute red prismatic crystals of hasraa- 
toidin will sometimes be perceived. 

nsematoiden ia also met with in old extravasations, and 
Eobin* haa examined a mass of crystals of this substance, 
weighing about fifty grains, obtained from a hydatid cyst 
in the liver. An analysis of these crystals led to the for- 
mula C,jHjN0j-t-HO, and Eobin believes them to repre- 
sent hoimatin which haa lost all its iron, and acquired an 
atom of water. The substance obtained by treating 
hajmatin with sulphuric acid haa almost exactly the same 
composition. Haimatoidin is very sparingly soluble in 
water, and insoluble in alcohol ; but it dissolves in am- 
monia, yielding a red solution. 

Lehmann obtained a red crystalline substance from 
the blood of guinea-pigs, rats, or mice, by washing the 
clot with water, filtering ihe red liquid, and passing first 
a current of oxygen, and afterwards carbonic acid. After 
a time the crystals separate, and may be washed with a 
little water. This substance, which has been named 
hjemato-crystallin, dissolves sparingly in water, the solu- 
tion being coagulated by heat, but not by chloride of 
mercury. In composition it somewhat resembles albu- 
men, containing more nitrogen and leaa sulphur. Much 
obscurity still remains to be cleared up with respect to 
these crystalline bodies obtained from blood. 

Dr. Carter ("Ed. Med. Journal," August, 1859) ob- 
tained from serum a substance yielding indigo by decom- 
position, similar to that extracted from urine (page 40). 
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SECTION m. 
Albi 



46«l. This is one of the most important of the consti- 
taents of the blood, and, with the excq>cioD of the red 
corpuscles, is present in larger quantity than any of the 
other solid matters contained in it. It is held in eola- 
tion in the serum, where it may readily be shown to 
exist bv gently boiling in a tabe a little of the dear, 
colorless fluid from which the coagulated dot of fibrin 
and corpuscles has subsided. As soon as the temperature 
reaches aK'^ut 170^. the albumen begins to coagulate, and 
on being boiled for a short time, separates entirely in the 
insoluble form. 

467. It may also be precipitated from its solution in 
the serum, by adding to the clear fluid, a few drops of 
dilute nitric or hyvlrochloric acid ^136, 141). Acetic 
acid fails to precipiute it : but if ferrocjanide of potaa- 
siuni be added to the acidifled solution, a dense white 
precipitate is produced, even when the albuminous liquid 
is very dilute. 

4d>. When gently warmed with strong hydrochloric 
acid, albumen diss^^Ives^ forming a purple-colored solu- 
tion, in which respect it resemblei^ fibrin and casein. 

4oi^. When moistened with strv^::*: nitric acid, albumen 
becomes yellow, owing to the forii'.ation of xanthoproteic 
acid f^^IIO.C^U,^X^O.A which, together wi;h o^^alie acid 
^IIO.C^O^*, ammonia v-N'^j). nitric'oxivie v^-^\andnitro. 
gen. is always formed by the action o: strong nitric acid 
on the so-called co:::pounds of protein. "" 




bv Mulder s formula vO«,U,^N„Oj^S,n : bus cv-ns=der- 
at?;c uacertauity rfill ha::^s over tW rvdl t:a;;:r^> of this 



class of bodies,* Tt is even Joubtful whether any ptoa- 
phorus exists in albumen, except in the state of phos- 
phoric acid, as a constituent of the ash. By aome chemists 
albumen is regarded as containing Oj„H,,,N„SjO^,; and 
since the serum of blood always contains nearly 2 per 
cent, of soda, they consider it to consist of an albuminate 
of soda, in which one atom of the above albumen is com- 
bined with each atom of soda. As the more important 
peculiarities of albumen have been already noticed in 
the chapter on morbid urine (IBS, 235, &c,), they need 
not be again described. 

SECTION IV. 
Fib7-in. 
472. This substance, of which muscular fibre is chiefly 
composed, is closely alHed in chemical composition and 
general properties to albumen ; and it is, indeed, not im- 
probable that both are, in their chemical relations, nearly 
modifications of the same compound, which from the 
circumstance of its being apparently the basis, not only 
of albumen and fibrin, but also of casein ((i26) and some 
other analogous substances, has been called protein, from 
rtpuriia, lam Jirst.\ 
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473. While circulating in the vessels, the fibrin of the 
blood is held in a state ol' solution in the liquor sanguinis; 
bat no sooner ia the blood removed from the system, 
than it begins to separate in a, solid state, afler which it 
becomea quite insoluble in water. This solidification of 
the fibrin is tbe cause of the well-known phenomenon of 
coagulation, which blood experiences almost immediately 
after it is drawn ; and although the coagulum or clot con- 
tains the blood -corpuscles in addition to the fibrin, these 
have merely been entangled in the network of coagulating 
fibrin, and do not themselves play any active part in the 
process of coagulation.* 

474. The coagulation of blood may be retarded, and 
even aJtogetber prevented, by the presence of certain salts 
and other substances. The alkalies, for example, and 
their carbonates and acetates, entirely prevent it; and 
tolerably strong solutions of sulphate of soda, nitrate of 
potash, nitrate of lime, chloride of ammonium, and some 
other salts, retard it for a considerable time. The lattec 
salt, indeed, gradually dissolves fibrin, after it has been 
allowed to coagulate. Most of the dilute acids, also,' 
cause blood to retain its fluidity, though it becomes,' 
under their influence, more viscous and syrupy in its '^ 
consistence. I 

475. Contact with certain animal membranes also ap- ' 
pears to exercise a retarding influence on the coagulation j 
of the blood. When infused into the cellular tis:iue, it | 
has been known to cooliuue uncoagulated for some weeks; 1 
and even in a tied artery, it remains some hours without 
coagulating. 

476. It appears from the experiments of M. Denis, that 
if moist fibrin be digested in a solution of nitrate of 
potash containing a little soda, at a temperature of about 
10U° Fuhr., it becomes gradually converted into a sub- 

tnn atoms of protein (C.oHj.NsO,,) with one atom of aulplinr and ona 
[if [ihodplioraa, bnt tbti presence of the tatter, eE<rept in the ttah of 
filirio, Is diflputed. The flhrin of mnaole doaa not appear to be ideutl- 
iibI ffltb that of blood, tbo latttir oontainlDg a smaller proportion of 
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stance in almost every respect identical with albumen;* 
being soluble in water, and coagulable by heat. Tliis 
change is said to be most readily produced when the 
fibrin employed in the experiment has been obtained 
from venous blood, by allowing it to coagulate spon- 
taneously; while, if it is separated by agitation, or if the 
blood be arterial, it scarcely experiences any alteration 
in the saline solution. By drawing blood into a solution 
of sulphate of soda, so as to prevent the coagulation of 
the fibrin, filtering ofl' the globules, and saturating the 
filtrate with chloride of sodium, Denis obtained a preci- 
pitate of fibrin, which dissolved in water, forming a 
solution which gave, after a short time, a tranaparent 
coagalum of fibrin. 

477. Pure fibrin may be obtained without difficulty, by- 
receiving the blood, as it flows from the body, in a clean 
porcejain dish, and stirring it well for some little time 
with a glass rod ; or the blood may be shaken with a few 
Bmall fragments of lead, in a closed glass flask. The 
fibrin, as it coagulates, collects in loose fibrous masses 
round ihe rod or fragments of lead, colored slightly reH, 
owing to the imprisonment of a few corpuscles within 
the network of fibrin. These may be removed by tying 
the coagulum in a piece of fine muslin, and washing it 
under a stream of cold water nntil the mass becomes 
colorless. In this state, it still contains traces of futty 
matter and inorganic sails, together with a considerable 
amount of water. To obtain the fibrin, therefore, in a 
state of perfect purity, the washed coagulum must be 
dried on a chloride of calcium bath at a temperature of 
about 250°, and the dry mass then reduced to fine powder 
in a mortar. The poanded fibrin may afterwards be 
washed successively with alcohol, ether, and dilute hydro- 
chloric acid; and lastly, macerated with cold orlukewarm 
water, until all the soluble matter is removed; after 
which it may be dried as before at a temperature of about 
260°. 

478. If the blood from which we wish to extract the 



r 



184 HEALTHY BLOOD. 

fibrin has already coagulated, the clot is Srst gently 
pressed between folds of bibulous paper, in order to 
squeeze out the greater part of tbe adhering serum, and 
then cut into thin shreda with a sharp knife. The finely- 
divided clot is then washed in a muslin bag under a 
gentle stream of cold water, until it becomes colorless, 
by which means the imprisoned corpuscles are washed 
out of the fibrous mass. The latter is then dried, and 
reduced to powder, and subsequently purified by washing 
and drying in the manner above described (477). 

479. Fibrin thus prepared is a pale, yellowish, horny- 
looking substance, hard, brittle, and, if all traces of fat 
have been removed, transparent. It is perfectly tasteless, 
and insoluble in water, alcohol, and ether; if kept for a 
short time in water, however, it gradually softens, swells 
up, and reaasumes the appearance it had previous to 
desiccation. When digested with acetic and most of the 
other acids, fibrin becomes gelatinous, and is in that state 
soluble in water. The acid solution, when treated with 
ferrocyanide of potassium, gives a copious white preci- 
pitate, similar to that caused in albuminous solutions. 
Fibrin is also dissolved by digestion in a dilute solution 
of nitre, the liquid coagulating when healed. Like albu- 
men, and the other modifications of protein, it forma, 
when gently warmed with strong hydrochloric acid, a 
purple- colored solution. With nitric acid, also, fibrin 
behaves like the other protein compounds, forming the 
yellow xanthoproteic acid (469). It also becomes red 
when heated with solution of nitrate of mercury (141a). 

479a. The fibrin of muscle (sometimes called syniwiin) 
differs somewhat in properties from that of blood. It 
does not dissolve in a dilute solution of nitre, but may be 
dissolved by digestion in very dilute hydrochloric acid 
{1 of acid to 1000 of water), whilst blood fibrin swells up 
and becomes transparent, but does not dissolve. 

480. When examined under the microscope, coagulated 
fibrin appears to consist of a rude network of amorphous 
threads, together with detached aggregations of irregular 
form, similar to albumen. 

481. The average proportion of dry fibrin present in 
healthy blood appears to be rather more than two parts 
in a thousand (573). 
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SECTION V. 
MxlracHve diallers. 

482. Of the real chemical nature of the substancea 
included under the name of extractive matters, little ia 
yet definitely known, though they have frequently en- 
gaged the attention of chemista. It is probable, however, 
that further researches will, ere long, throw new light 
upon this at present obscure class of substancea. They 
include all the undefined, uncrystallizable organic matters 
which are soluble in water; or, in other words, the 
extractive matters of the blood may be said to include all 
the organic substances contained in it, with the exception 
of the corpuscles, albumen, fibrin, and fatty matters. 

48S. Extractive matters are usually divided intoa/coAo? 
extraclife and ivaler extractive; the first, including that 
portion which is soluble both in water and alcohol; and 
the latter, that which is soluble in water and insoluble in 
alcohol. They are of a brown or yellowish color, and are 
characterized by their solutions giving brown precipitates 
with acetate of lead, but none with bichloride of mercury, 
A solution of the alcohol extractive is precipitated by an 
infusion of galls, which reagent causes little oi' no change 
in the water extractive. 

484. Traces of urea are probably always present in the 
blood, and would be contained in the alcohol extractive. 
The method of detecting it will be described further on 
(698). The minute traces of uric acid which appear to 
be usually present even in healthy blood, would be con- 
tained in the water extractive; the mode of detecting them 
is described in paragraph 604* 

485. The amount of extractive matters present in 
healthy blood seems to vary from one to three parts in a 
thousand. 
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SECTION VI. 
FaUy Mailers. 

486. Our knowledge of the faity matters contained in 
tte blood is at present far from being complete, Tbey 
are nsually divided into oily ^teand crysiaUine fats ; the 
first being soluble in cold alcohol, and the latter insolable. 
The oilj fats appear to consist chiefly of oleic {HO,G^ 
H^O^ and raarganc {HOtC^fi^^O^ acids ; the crystalline 
fatty matter is probably a mixture of serolin with traces 
of cnolesterin (C,^„0,\ together with one or more solid 
fats containing phosphorus.* 

487. To obtain these fatty matters, a quantity of blood 
is evaporated to dryness on a water-baih, and the dry 
residue, after beia^ reduced to powder, is digested in hot 
ether, successive portions of which must be added as long 
as anything appears to be dissolved by it. The ethereal 
solution is then evaporated to dryness on a water-balfa, 
and the residue, consisting of the mixed fats, treated with 
cold alcohol, which will dissolve out the oily fata, and 
leave the crystalline matters undissolved. The first may 
be obtained by evaporating the alcoholic solution on a 
water-bath ; and the undissolved crystalline fats may be 
dissolved in boiling alcohol, from which they will almost 
entirely separate, as the liquid cools, in the form of small 
crystalline scales, 

4S8. The quantity of fatty matters present in healthy 
blood appears to vary from 1'5 to 2a in 1000 parts (573). 

6KCTI0N VU. 

Fixed Saline Mailers. 

489. The ash left after the incineration of the dry 
residue of evaporated blood appears to contain the follow- 
ing substances : — viZt the chlorides of sodium and potas- 
sium; the phosphates of lime, magnesia, and soda ; the 



* The serom slao conliina tainnte proporlions of one or more of ttie 
Tolalite /atty soids (*. g. bnljrio or c«proip), as shown hy the odor 
nhich ia developed on miiiug the blood with aDtpbaiic acid, aud 
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salpbatea of potaab and soda ; and oxide of iron derived 
from the hffimatin (455). If the ash has been obtained 
by the incineration of the serura, traces of alkaline and 
earthy phosphates will probably be rendered apparent by 
the efferveacence caused by the addition of an acid ; but 
if the aah has been obtained by the incineration of the 
entire blood, no trace of carbonates will be observable on 
the addition of the acid. The cause of this appears to 
be, that some of the fatty matters present in the clot 
contain traces of phosphorus (+86), which, during com- 
bustion, is converted into phosphoric acid (PO,); and the 
phosphoric acid thus formed decomposes the small quan- 
tity of carbonates derived from the serum, converting 
them into phosphates. 

490. The saline matters of the blood may be conveni- 
ently divided into the allaiUne salln, which readily dissolve 
in water, and the earthy sails, which require an acid for 
their solution. The alkaline portion of the ash cooaists 
of the chlorides of sodium and potassium; the sulphates 
of potash and soda ; the phosphate, with possibly traces 
of carbonate (+89) of soda. The earthy or insoluble 
portion contains the phosphates of lime and magnesia; 
oxide of iron derived from the red coloring matter ; and 
possibly a little earthy carbonate (489). The presence 
of the bases and acids contained in these several aalta 
may be shown by the following experiments. 

491. Digest from twenty to thirty grains of the ash in 
warm, water, in order to dissolve out the alkaline sallii, 
and filter the solution from the insoluble portion. The 
aqueous solution thusobtainod may be first tested, retain- 
ing the earthy residue for subsequent examination (499). 

492. If the aqueous solution is at all dilute, it should 
first be concentrated by evaporation. To a little of the 
concentrated solution, add a slight excess of tartaric acid 
{2^0, C,ffjO,„), and agitate the mixture with a glass rod. 
A colorless crystalline precipitate of the bitartrate shows 
the presence of potash, 

493. To another portion of the solution add a solution 
of bichloride of platinum (PlCl^), and allow the mixture 
to evaporate to dryness, either spontaneously or at a very 
gentle heat, Minuly, ytllow, granular crystals of the 
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double ctloride of plalionm and potapsiara (KCl.PtClj) 
will be found <ioposit<;d, also showing the presence of 
POTASH. In addition to these will be seen long, yellow, 
needle-sliaped crystals of the double chloride of platinum 
and sodium, proving the presence of aoDA. If the bichlo- 
ride of platinum has not been added in sulBcient qnantity 
to combine with the whole of the soda, a few detached 
cubical crystals of chloride of sodium will also be 
deposited, which may be proyed to be such by their 
well-known taste. 

494. The presence of soda may also be shown by 
adding to a little of the strong aqueous solution a few 
drops of antimoniate of potash {KO,SiO^, which will 
gradually cause a colorless crystalline precipitate of anti- 
moniate of soda(NaO,SbO,). 

495. To another portion of the aqueous solution of the 
ash, add a solution of chloride of barium, or nitrate of 
baryta, as long as it causes any precipitate. The sulphu- 
ric, phosphoric, and (if any (48H) ) carbonic acids are 
thus thrown down in combination with baryta. The 
mixture containing the precipitate thus produced is now 
strongly acidified with hydrochloric acid, and warmed. If 
eflervescence occurs on the addition of the acid, carbonic 
ACID is probably present. The presence of sdlphuric 
acid is shown by a portion of the precipitate (sulphate 
of baryta) proving insoluble in the acid. 

496. Filler the acid mixture formed in (495), and 
neutralize the filtered liquid with ammonia. The phos- 
phate of baryta (^BaOjHO.PO,), which had been dissolved 
by the acid, is reprecipitated, indicating the presence of 

PHOSPHORIC ACID (498). 

497. Acidify another portion of the aqueous solution 
of the ash with nitric acid ; add a slight excess of nitrate 
of silver, and filter the liquid from the white precipitate 
occasioned by the silver salt. This precipitate may be 
proved to consist of chloride of silver (hydrochloric 
acid), by being readily soluble in ammonia, and insoluble 
in nitric acid. 

498. Accurately neutralize the acid solution formed in 
(497), with dilute ammonia; the pale yellow phosphate 
of silver (SAgOjI'OJ, which had been held in solution by 
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the excess of acid, will now be precipitated, showing the 
presence of phosphoric acid (49(5),* 

499. The earthj portion of the ash, which proved 
insoluble in water (491), may now be examined. It is to 
be dissolved m as small a quantity as po.'^sible of dilute 
hydrochloric acid, a gentle heat being applied if neceaaary. 
If effervescence occurs on the addition of the acid, car- 
BONIO ACID ia present (489). 

500. A little of the acid solutioa may now be nearly 
neutralized with dilute ammonia, which should not be 
added in sufficient quantity to cause any precipitate. The 
liquid is then tested with a drop or two of a solutioo of 
ferrooyanide of potassium, which will cause, either at once 
or in the course of a few minutes, a blue color, owing to 
the formation of the ferrocyaniJe of iron (Fe^Fcy^), show- 
ing the presence of iron. 

601. The rest of the acid solutionof the earthy portion 
of the ash may now be supersaturated with ammonia, 
■which will throw down a white gelatinous precipitate of 
earthy phosphates. A little of this precipitate may be 
examined under the microscope, when it will be found 
to consist chieSy of amorphous particles of phosphate of 
lime (3CaO,PO^, with a few crystals of the double phos- 
phate of ammonia and magnesia (2MgO,NnjO,PO,-J- 
12Aq). The precipitate thrown down by the ammonia 
may also be examined for lime, magnesia, and phos- 
phoric ACID by redissolving it in acetic acid, and testing 
the solution in the manner described in paragraph 47. 

602. The quantity of alkaline salts usually present in 
tealthy blood, varies from about six to ten parts in 1000 ; 
and that of earthy salts from 05 to 1-5 in 1000 parts. 

* The phosptioiie aoid lany he deteott^d with greater osrtaintj b^ 
perchloride of iron, or Ibe mixture of Bulpliate of maguueia, ohlurid»^ 
ofamiaODluoiaud ammoniii (41). ■ 
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CHAPTER II. 

QUANTITATIVE ANALYSIS OF THE BLOOD. 

503. A COMPLETE quantitative analysis of the blood, 
including the separation from each other and estimation 
of aW the ingredients, would be, even if our knowledge 
and resources were much less limited than they are, in 
the highest degree complicated and difficult, while at 
present it may be said to be altogether impracticable. 
For most purposes, however, a comparatively incomplete 
analysis, embracing the determination of the more im- 
portant ingredients, is all that is required ; and in the 
majority of cases a knowledge merely of the proportion 
of fibrin, the corpuscles, and the solids contained in the 
serum, is what the medical practitioner chiefly requires. 

504. I will first describe the mode of conducting such an 
analysis, by which the amount of water, corpuscles, fibrin, 
and solids contained in the serum may, with very little 
difficulty, be ascertained; and subsequently go through 
a somewhat more complete scheme, by which, in addition 
to the above substances, the more important constituents 
of the serum may also be individually estimated. (See 
sections 3 and 4.) 

505. When the blood intended for analysis can be col- 
lected in the proper vessels as it flows from the body, the 
process is somewhat simpler than when it has been al- 
lowed to coagulate ; and the results are generally more 
accurate. As, however, this is frequently impracticable, 
I will also describe the method by which the analysis of 
coagulated blood may be effected. 
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Quanlitative -Analysis of Uncoagulaied Blood, including t 
e^imoHon of the water, corpuscles, fibrin, and llie solita 
mailers contained in the serum. 

606, Before proceeding to collect tbe blood as it Sowi 
from the body, for the purpose of analysis, tlie experi-B 
xnenter should provide himself with three veasela, thff.l 
exact weight of each of which is to be carefully ascer- 
tained and noted. These vessels are :— 

1. A six or eight-ounce bottle provided with e. stopper ; 
this bottle should be perfectly clean and dry, and of 
known weight. Eight or ten small strips of thin 
sheet lead, about half an inch square, the weight of 
which should also be known, are put into the bottle, 
which will then be ready to receive the blood (507), 
This bottle is used for effecting the separation of the 
fibrin. 

2. A small platinum or Berlin porcelain capsule, ca- 
pable of holding from half an ounce to an ounce of 
water. This is used for estimating the proportion 
of water in the blood (508). 

3. A rather tall, upright beaker, or cylindrical glass, 
capable of holding about six ounces of water. 

507. The blootl may now be collected. About five or 
BIX ounces of the fluid are first poured into the bottle 
containing the fragments of lead, which should then be 
tightly closed with the stopper, and kept gently agitated 
for about a quarter of an hour, in order to allow the 
■whole of the fibrin to coagulate, and attach itself to the 
pieces of lead (477). This portion of blood we will call 
A (510). 

508. Two or three drachms of blood are collected in 
the capsules, which is then again accurately weighed, and 
the weight of the empty capsule, previously ascertained 
(SOU), deducted from the gross weight, in order to deter- 
mine the exact quantity of blood contained in it. It may 
then be placed on a water-bath, and evaporated to dry- 
ness. This portion we will call B (514). 

509. The beaker, or cylindrical glass, is to be nearly 
filled with thofVeslily drawn blood, covered with a glass 
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plate and set aside in a tolerably cool place for tweoty- 
four hours ; at the end of which time it will be found to 
be thoroughly coagulated, and separated into a firm clot , 
and clear aerum. This portion we will call C (516). 

610. Treatment of the portion A. — When the blood has 
been gently shaken for about a quarter of an hour, imme- 
diately on being placed in the bottle (607), the fibrin will 
be found to have separated, and collected round the frag- 
ments of lead which have been previously introduced. 
The outside of the bottle ia then cleaned with a wet cloth, 
and wiped dry. 

611. The weight of the bottle, with ita contents, is now 
taken, in order to ascertain the exact quantity of blood 
employed in the experiment, which is known by deduct- 
ing from the gross weight that of the empty bottle and 
the lead, the difteronce being the weight of blood coo- 
lained in it. 

612. The stopper ia now removed, and the contents of 
the bottle poured out upon a piece of fine muslin placed 
in a small basin or saucer. The liquid portion is care- 
fully drained off, and may be thrown away ; after which 
the fibrin adhering to the lead is to he washed with & 
gentle stream of cold water, until it becomes colorless, 
in order to separate from it the whole of the corpuscles 
and serum. Daring the washing, the spongy aggrega- 
tions of fibrin may be gently pressed occasionally between 
the fingers, care being taken that none of the fragments 
are lost. When clean, the fibrin is to be placed in a 
small evaporating dish, and dried on a chloride of cal- 
cium bath, at a temperature of 220° or 230°, until it 
ceases to lose weight. It is unimportant whether it ia 
dried and weighed with the pieces of lead, or first sepa- 
rated from them, since the weight of the lead, being 
known (606), may be deducted from the gross weight of 
the lead and fibrin, the difference being that of the fibrin. 

513, The weight thus obtained represents the pro- 
portion of FIBRIN in ibe quantity of blood used in the 
experiment; the proportion in 1000 parts of blood may 
afterwards be ascertained by the following calculation: — 
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514, Treatment o/l/te portion B. — The capsule contain- 
ing the portion B, after being aeciiratBiy weighed (503), 
is allowed to reinain on the water-bath (or still better, oa 
a chloride of calcium bath, heated to about 220° or 230°), 
until it ceases to lose weight oa being weighed at inter- 
vals of half an hour or an hour, care being taken to wipe 
the outside clean and dry each time. When the weight 
becomes constant, it may be concluded that the whole of 
the water has been expelled. 

515, From the weight thus obtained that of the empty 
capsule la now to be deducted ; the difference being the 
■weight of the entiee solid matteb contained in the 
quantity of blood operated on. The difl'erence between 
the weight of this dry residue and that of the blood be- 
fore evaporation, or, in other words, the loss which it has 
experienced during the evaporation, will then represent 
the amount of water contained in the quantity of blood 
employed in the experiment. The proportion of solid 
matter present in 1000 parts of the blood, may therefore 
be calculated in the following manner : — 

f Wt. ot ) (■ Wt. of 1 

i blood l : j dry I ; : 1000 

( CTaporated. J (. residue. ) 

516. Treatment of ike portion 0. — The third portion of 
blood which was collected in the beaker (509), is allowed 
to stand for about twenty-four hours, or until it separates 
into a firm clot and clear scrum. Two or three drachma 
of the clear serum are carefully poured off from the clot 
into a small platinum or porcelain capsule, similar to that 
before used (506), the weight of which has been previously 
accurately noted. The capsule with the serum is now 
weighed, to ascertain the quantity of the latter employed 
in the experiment, and then evaporated to perfect dry- 
ness on a chloride of calcium bath at atemperature ol 
about 230°, until it ceases to lose weight. The loss ol 
weight which it experiences during evaporation, repre- 
sents the amount of water in the quantity of 
while the weight of the dry residue shows the amount oi 
solid matter contained in the same quantity of serum. 

517. From the numbers now obtained, we are enabled 
to calculate the proportion of the soi.m MattkBS uf the 

17 



! Proportion of solid t 
matter ia lODO i. 
parta of tlia blood, J 
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SEBUM in 1000 parts of blood, in the following manner. 
Knowing, as we do, the quantity of water in 1000 parts 
of the blood (616); and assuming that the water of the 
blood exists wholly in the form of serum ;* knowing also 
the proportion of water and of solid matter contained in 
the serum (516) ; we may, from the quantity of water in 
the blood, estimate the quantity of solids held in solution 
in the serum, thus: — 



Wt. of water 

in the qnan- 

titj of serum 

employed. 



Wt. of solid 

matter in 

the qnanti^ 

tj of serum 

employed. 



f 



"1 of 



Waterin 
1000 pU. 
the 
blood. 



Solids ' 
of serum 

in 1000 ' 
pt». of the 

blood. J 



618. We have now determined the proportion of water, 
fibrin, and solid matters of the serum, contained in the 
blood, and have only to ascertain the weight of the cor- 
puscles in order to complete the analysis. This is done 
by adding together the weights of the fibrin and the 
solids of the serum contained in 1000 parts of blood, and 
deducting the sum of them from the weight of the entire 
solid matter, which consists of fibrin, solids of the serum, 
and corpuscles ; the difference, therefore, will represent 
the proportion of the latter in 1000 parts of the blood. 

519. The several results now obtained may be recorded 
thus; and the numbers, when added together, should 
amount to within a fraction of 1000. 



Water . 

Corpuscles 

Fibrin . 

Solid matters of serum 



1000-00 



SECTION II. 

Quantitative Analysis of Coagulated Bloody including the esti- 
mation of the water , corpuscles^ fibrin^ and the solid matters 
contained in the serum. 

520. The portion of blood intended for analysis, which 
may consist of about ten fiuidounces, should be collected 

* Of course this assumption introduces an error into the analysis, 
since the water belonging to the contents of the globules is imputed 
to the iemm. 



QUANTITATIVB ANALYSIS OF BLOOD. 195 

in a weighed or counterpoised glass beaker, or otber 
cjlindriual vessel, and accurately weighed; or if it has 
been accidentally collected in any vessel of which the 
weight has not previously been determined, it may be 
weighed as before, and the weight of the eootaining 
vessel, aacertaincd after the blood has been removed, de- 
ducted from the gross weight; the difference being, of 
course, the weight of the blood employed. The blood, 
after being collected, ia to be set aside in a tolerably cool 

{ilaee for about twenty-four hours, to allow it to coagu- 
ate; the top of the glasa being covered with a glass plate 
or small dish, to preserve it from dust and prevent eva- 
poration. 

621. About two or three fluidrachma of the clear 
serum are to be drawn off with a pipette, or carefully 
poured off, into a small weighed platinum or porcelain 
capsule; after being accurately weighed, it is to be eva- 
porated until it ceases to lose weight, on a chloride of 
calcium bath, kept at a temperature of about 2^0°, 
When dry, the weight is noted; the loss during evapo- 
ration representing the amount of water in the quantity 
of serum operated on, and the weight of the dry residue 
being that of the solid matter contained in the same. The 
relative proportions of solid matter and water which form 
the serum are thus ascertained. 

522. While the evaporation of the serum (521) is going 
on, the examination of the rest of the coagulated blood 
may be proceeded with. The serum is first poured off 
from the clot with great care, avoiding the escape of any 

Cortion of the coagulum ; the last portions of the liquid 
eing removed by means of a fine-pointed pipette, or by 
introducing one end of a folded piece of bibulous paper, 
which will suck up the liquid until it is saturated, and 
may then be replaced by another. This serum, although 
it will probably not be wanted for any subsequent expe- 
riments, had better be for the present retained, in case of 
any accident happening to the portion already taken for 
evaporation (521). 

6^3. The clot, thus separatL'd from the greater part of 
the serum, is now to be divided, by means uf a sharp 



1 
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knife, into two portions of equal weight;* the weight of 
both being accurately made to correspond by weighing, 
and adding or taking off small slices, as necessity may 
require. When this is done, each portion will contain 
one-half the fibrin and corpuscles of the quantity of blood 
operated on, together with a certain amount of serum. 
One of these equal portions of the clot we will call A, 
and the other B. 

524. IVeatment of the portion of clot A, — This is to be 
cut into thin shreds with a clean, sharp knife, carefnlly 
avoiding any loss of the fragments of the coagulum. The 
finely sliced clot is then tied up in a piece of fine muslin, 
or calico, and washed under a gentle stream of cold water, 
with the assistance of occasional pressure between the 
fingers and thumb, until the whole of the serum and cor- 
puscles are removed from the interstices of the coagulum, 
and the fibrin is left quite clean and colorless. It is then 
taken out of the muslin, and dried on a chloride of cal- 
cium bath, until it ceases to lose weight. The weight 
thus obtained represents the fibrin contained in half the 
clot, and when multiplied by two, gives the proportion 
of FIBRIN in the quantity of blood employed.f 

525. Treatment of the ]X)riion of clot B, — The weight of 
the portion B having been noted, it is to be evaporated 
to dryness on a chloride of calcium bath in a counter- 
poised or weighed capsule. The loss of weight which it 
experiences during evaporation, shows the quantity of 
water contained in half the clot, which, when multipled by 
two, gives the amount of water present in the entire clot ; 
while the weight of the solid residue, also multiplied by 
two, shows the quantity of solid matter which the entire 
clot contains. 

526. From the data thus obtained, we are enabled to 
calculate the proportion of the several constituents, in 
the following manner. Having ascertained the weight 

* The division must be made vertically, since the horizontal layers 
of the clot contain different proportions of globules, being richer 
towards the bottom. The exact equality of the two parts of the clot 
is only necessary to save subsequent calculation. 

t To obtain an exact result, this fibrin should be treated with ether 
to remove fat, then with alcohol, and again dried and weighed. 
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of the wbole solid matter of the clot (525), which consists 
of fibrin, corpuscles, and solids contained in the portion 
of serum with which the elot is saturated, we first calcu- 
late bow much of the weight is due to the solids of the 
Berum. To do this, we assume that the whole of the 
water present in the clot is due to serum ; then, knowing 
from a previous experiment (521), the relative propor- 
tion of water and solid matter in the serum, and know- 
ing also the quantity of water contained in the clot (525), 
we calculate the amount of solid matters in the clot, 
which belong to the serum, as follows: — 
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527. The weight thus calculated, of solid matters of 
Berum present in the clot, is deducted from the weight of 
the entire solid matter contained in the clot (525), and 
the difference will represent the weight of the fibrin and 
corpuscles. Having, therefore, previously determined, 
by a separate experiment (524), the amount of fibrin, we 
have only to deduct that number, in order to obtain the 
proportion of CORPUSCLES in the quantity of blood 
operated on. 

528. Knowing now the amount of the fibrin and cor- 
puscles, we can, by deducting their combined weights 
from that of the entire blood, learn the quantity of serum 
which it contained ; since the biood is wholly composed 
of fibrin, corpuscles and serum. 

529. From the weight of serum thus obtained, assum- 
ing that the whole of the water in the blood is due to the 
aernm, we can calculate that of the WATER and solid 
MATTERS OF THE SERUM Contained in the entire blood, in 
the following manner, since we have before determined, 
by experiment (521), the relative proportions: — 
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For the Solid Matters of the Serum. 
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shall now, therefore, have ascertaiDed the 
of the four several constituents required, in 
of blood employed in the analysis, viz: — 



Water 

Corpuscles ...... 

Fibrin 

Solid matters contained in the serum • 



which, when added together, should amount very nearly 
to the weight of the blood used. 

531. In order to determine the proportion of the several 
constituents present in 1000 parts of the blood, the follow- 
ing calculation will in each case be necessary : — 
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SECTION III. 



Quantitative Analysis of Uncoagulated Blood, including the 
determiimtion of the wateVy corpuscleSy alhumerij fibrin^ 
alcohol extractive^ water extractive, oily fats ^ crystalline or 
solid fats, and fixed saline matters, 

532. The vessels required for the analysis are nearly 
the same as those already described in the shorter scheme 
of analysis (506), viz: — 

1. A six or eight-ounced stoppered bottle, the weight of 
which is accurately known ; and in which are placed 
a few small strips of thin sheet lead, the weight of 
which is also known. 

2. A weighed platinum capsule or crucible, capable of 
holding rather more than an ounce of liquid ; or, in 
default of this, a thin Dresden porcelain crucible, of 
about the same capacity. And 
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3. A talt uprigbt beaker or cylindrical glass, capable 
of boldlng about eigbt ounces of liquid. The weight 
of this need not be taken, 

533. The three veaaels being in readiness, the blood is 
first to be collected. About sis ounces of the fluid are 
allowed to flow into the bottle, which should immediatelj 
be closed with the stopper, and gently shaken for a 
quarter of an hour or twenty minutes, at the end of 
which time the fibrin will be found to have separated 
from the liquid, and attached itself round the fragmenta 
of lead. This portion of blood we will call A (536). 

534. About an ounce of blood is collected in the 
■weighed capsule or crucible, and, after beiug weighed 
for the purpose of ascertaining theexactquantity of blood 
employed, it is placed on a water-bath or chloride of 
calcium bath, and allowed to evaporate. This portion 
we will call E (539). I 

535. From six to eight ounces of blood are allowed tofl 
flow into the beaker, and set aside to coagulate in pfl 
tolerably cool place for about twenty-four hours. ThiM 
portion we call (oil), ■ 

536. TVealmenl of iht portion A. — As soon as the fibrin I 
is supposed to have separated completely from the blood, I 
aod become attached to the pieces of lead, the outside of ■ 
the bottle is to be wiped clean and dry, and the whole is I 
weighed; when the difference between the combined* 
weights of the empty bottle and the lead, and that of the« 
whole when filled, will represent the quantity of blooctM 
employed in the experiment. I 

637. The contents of the bottle are now to be emptied 1 
out upon fine muslin, in a small evaporating basin, and 
the fibrin is to be carefully separated from the fragments 
of lead, to which it adheres loosely. It is then washed, 
under a gentle stream of cold water, from the serum and ■ 
corpuscles with which it is saturated, carefully avoidinjB 
the loss of any particles of the fibrin, ■ 

£38. When quite clean and colorless, the fibrin iai 
placed in a platinum or thin porcelain crucible of knownfl 
weight, and dried on a chloride of calcium bath, at afl 
temperature of about 220° or 230°, until it ceases to losafl 
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weight* When dry, the weight is noted. As the 
fibrin, in its present state, contains traces oF earthy phos- 
phates, which add slightly to its apparent weight, it may 
now be incinerated in the crucible, until the ash becomes 
white or gray. The loss of weight which the dry fibrin 
experiences during incineration, represents the amount 
of pure FIBRIN in the quantity of blood that was contained 
in the bottle. The proportion present in 1000 parts of 
the blood may then be calculated as follows : — 

f Weight of ) f Weight of ) f Proportion of ^ 

i blood [ : i fibrin I : : 1000 : i fibrin in 1000 I 
( employed, j (obtained.) (parts of blood. J 

539. Treatment of the portion B. — This portion of the 
blood, after being weighed, is allowed to remain on a 
chloride of calcium bath, heated to about 220°, until it 
ceases to lose weight ; when it may be concluded that 
the whole of the water has been expelled. When this is 
the case the weight is noted ; and the proportion of solid 
MATTERS OF THE BLOOD Contained in 1000 parts of the 
fluid may be calculated as follows: — 

f Wt. of blood ) ( Weight of ) f Proportion of solid ) 

i evaporated |. : ^ dry V :: 1000 : -j matter in 1000 I 
( to dryness. J ( residue, j ( parts of blood. J 

540. The dry residue (539), after being weighed, is to 
be incinerated in the capsule or crucible until the whole 
of the charcoal of the organic matter is burnt away, and 
the ash becomes of a pale red color.f The weight of 
the ash thus obtained shows the amount of FIXED saline 
MATTER in the quantity of blood evaporated ; and from 
this, the proportion contained in 1000 parts of the blood 
may be thus estimated : — 



Weight of ) fWt. ofash) r Proportion of fixed | 

-j saline matter in >- 
( 1000 pts. of blood. J 



f Weight of ) f Wt. of ash ) f 

i blood I : i after in- V :: 1000 : i 
( evaporated, j ( cineration. j ( 



* For greater accuracy, it is well to weigh the piece of muslin, dried 
at 220°, before collecting the fibrin upon it, so as to avoid the neces- 
sity of removing the fibrin before drying. 

t A muffle heated to very low redness will be found very convenient 
for this incineration, which takes place very slowly over a lamp. A 
small charcoal fire is better than the latter. 
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541. Treatment of the por (''on C. — Ttiis portion of blriod 
is allowed to stand for about twenty-four hours, in order 
that it may coagulate apontaneoualy, and divide itself 
into a firm clot and perfectly clear serum. 

542. Two or three fluidrachms of the serum are first 
remoyed from the surface and placed in a small platinum 
or porcelain capsule, the exact quantity of serum taken 
being ascertained by again weighing the capsule and its 
contents. It is then placed on a chloride of calcium 
bath, and when perfectly dry, again weighed, in order to 
determine the relative proportions of solid matter and 
water in the serum; the weight of the dry residue and 
the amount of loss during evaporation representing re- 
Bpeetively the proportion of solids and of water in the 
quantity of serum employed. 

543. From the numbers thus obtained, we are abJe 
(assuming that the whole of the water in the blood exists 
in the form of serum) to estimate the quantity of serdm 
contained in 1000 parts of the blood, since we have before 
ascertained the amount of water in 1000 parts of blood 
(63y), and also the relative proportion which the serum 
bears to the water contained in it {552), thus; — 
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644, Anotlier portion of the clear serum, weighing^ 
exactly 600 grains, is now to be weighed out in a plati- 
num or porcelain capsule, and evaporated to dryness on 
a water-bath. This will serve for the estimation of the 
albumen, oily and crystalline fats, and alcohol and water 
extractives, 

545, The dry residue is to be detached, with the aid 
of a knife, from the capsule, and reduced to fine powder 
in a mortar. As it is impossible to effect this without 
loss the weight of the powder must be ascertained, A 
small light flask (perfectly dry) is weighed, and the 
powder introduced into it, the increase of weight being 
noted. Half an ounce of ether is then poured into thej 
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flask, and a gentle heat applied by a water-bath* for 
about ten minutes, when it may be carefully poured off 
and replaced by a fresh portion. 

546. The ethereal solution thus obtained, containing 
the fatty matters, both oily and crystalline, is to be eva- 
porated in a capsule of known weight, on a water-bath, 
until the whole of the ether is expelled. The residue is 
now weighed, by which the whole amount of fatty matters 
is ascertained. It is then treated with cold alcohol, 
which will dissolve out the oily fat. The weight of the 
residue left on evaporating the alcoholic solution, there- 
fore, will represent the amount of OILY FAT in the serum ; 
and the difference between this and the weight of the 
whole fatty matter shows the quantity of solid or crys- 
talline FATTY MATTER in the same serum. The propor- 
tion of each of these, which is contained in 1000 parts of 
blood, may then be calculated as follows : — 
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For the Crystalline Fatty Matter, 



{Wt. of crystal- ) ( Wt. of serum ) { Proportion of crys- ) 
line fat in 500 V :: J in 1000 parts \ : i talline fat in 1000 {- 
grs. of serum, j I of blood. J ( parts of blood. J 

547. The residue which proved insoluble in the ether 
(545), is now to be warmed in order to expel any traces 
of ether that may still be present, and then treated with 
water which is gradually heated to boiling; this will 
coagulate the albumen, thus rendering it insoluble, while 
the extractive matters are dissolved out (549). The mix- 
ture is then filtered through a dried and weighed filter, 
and the insoluble residue of albumen washed on the filter 
with hot water, until a drop of the filtered liquid causes 

* The flask should be fitted with a cork carrying a glass tube about 
three feet long and a quarter of an inch in diameter, to diminish the 
loss of ether by evaporation. 
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no precipitate, or merely a very slight npaleaoence, wh 
tested with a solutioE of iiitnite of silver. 

6-18. The albumen, thus freed from extractive and 
soluble saline matters, is to be dried and weighed ; but 
as some tracea of inorganic matter are always associated 
with the albumeMj the dry mass is to be incinerated, and 
the weight of the ash deducted from it; when the dift'er- 
enoe will represent the amount of pure albumen in the 
aerum. The proportion in 1000 parts of blood may then 
be calculated thus:— 
fWt. of solid 
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549. The aqueous solution filtered from the albumen 
(5i7), containing the extractive matters and soluble salts, 
is now to be evaporated to dryness in a capsule of known 
weight, on a water-bath, and weighed. The dry resiike J 
is then treated with alcohol, which should be poured offa 
and renewed as long as anything continues to be dissolved f 
by it. The alcoholic solution is evaporated to dryness 
on a water-bath, and weighed ; it is then incinerated, and 
the weight of the ash is deducted from that of the dry 
mass previous to incineration. Thenumberthusobtained -i 
represents the amount of alcohol extractive in 500 grs^a 
of serum, which may be reduced to the proportion in 1000 ■ 
parts of blood by a calculation similar to the above. 

550. The portion of the dry residue which proved in- 
soluble in alcohol (549), is now to be dried, weighed, and 
ignited; the weight of the ash being deducted from that 
of the dry mass previous to ignition. This will i^ive the 
weight of the WATER extractive in 500 grs. of serum;! 
from which the quantity in lOOO parts of blood may ba^ 
estimated as in the former cases : — 



{Proportion of wntar 1 
eitract. iulOOP 
parts of blood. J 

551, We shall now have estimated the proportion o 
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water and of all the solid constituents, with the exception 
of the CORPUSCLES. The proportion of these is known by 
deducting the sum of the several solid matters, the weights 
of which are already determined (including everything 
but the corpuscles), from the weight of the whole solid 
matter contained in 1000 parts of blood (539), the differ- 
ence representing the proportion of corpuscles present 
in 1000 parts of the fluid. 

552. The results of the analysis may then be recorded 
as follows, and should, when added together, amount to 
a fraction less than 100. 

Water 

Corpuscles 

Albumen 

Fibrin 

Alcohol extractive 

Water extractive 

Oilj fats 

Crystalline or solid fats 

Fixed saline matter 



SECTION IV. 

Quantitative Analysis of Coagulated Blood, including the esti- 
mation of the water, corpuscles, albumen, fibrin, alcohol 
extractive, water extractive, oily fats, crystalline or solid fats, 
and fixed saline matters, 

553. About ten or twelve ounces of blood having been 
collected in a beaker, or other rather tall vessel of known 
weight, it is to be covered over to prevent evaporation, 
and set aside in a cool place for about twenty-four hours, 
when it will be found to have separated into a Srm clot 
and clear serum. The weight of the whole blood is to 
be accurately determined either before or after coagu- 
lation. Three or four fluidrachms of the clear serum 
are first drawn off with a pipette, weighed in a platinum 
or porcelain crucible of known weight, evaporated to 
dryness on a chloride of calcium bath, and the weight of 
the dry residue ascertained. The loss of weight during 
evaporation representing the water, we thus determine 
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the relative proportions of SOLID matter and water in 
THE SERUM. 

654, the dry rcBidue of the serum (653) ia now to be 
incioerated, until the ash becomeg white or gray; and 
the latter ia then weighed. The proportion of fixed 
SALINE mattgk OP THE SERDM IS thus ascertained. 

555. The greater part of the remaining clear serum t3 
DOW to be carefully poured off from the coaguium, and 
retained for further examination (565). The last por- 
tions of the liquid are to be removed by means of a fine 
pipette, or by sucking it up with little rolls of bibulous 
paper (522), carefully avoiding the removal of any por- 
tions of the clot. 

556. The coaguium, thus separated as completely aa 
possible from the serum, ia now to be divided vertically 
into two portions of exactly equal weight (623), each of 
which will then contain one-half of the flbrin and cor- 
puscles present in the quantity of blood operated on, 
together with a certain amount of serum. These two 
equal portions of clot we will diatinguiah as A and B. 

557. Treatment of the portion of clot A. — This portion of 
the clot ia to be cut with a sharp knife into fine slices, 
carefully avoiding any losa. These are then tied up in 
a piece of fine musliu, and washed, until they become 
quite colorless, when it may be concluded that the whole 
of the corpuscles and serum has been washed out. The 
fibrin is now dried on a chloride of calcium bath at a 
temperature of about 230°, and weighed. It still, how- 
ever, contains traces of earthy aalta, the quantity of which 
'.a known by incinerating the dry fibrin, and deducting 

it the weight of the ash. The losa of weight during 
incineration represents the quantity of fibrin contained 
in one half the clot, and this, when multiplied by two, 
gives the proportion of fibrin in the quantity of blood 
employed. 

658. IVeatmenl of tJie portion of clot S,— This half of the 
clot ia to be weighed in a capsule of known weight, and 
evaporated to dryness on a chloride of calcium bath. 
The residue Is now weighed, and the loss of weight 
during evaporation will show the amount of water pre- 
sent in half the clot; whicli, when multiplied by two., 
18 
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gives the quantity of WATER CONTAINED IN THE ENTIBB 
clot; while llie weight of the dry residue, also mulli- 
pHeti by two, represents the arnouut of SOLID mattisr 

PRESENT IN TBE ENTIRE CLOT. 

The dry residue of B ia to be retained for subsequent 
ineineratiiin (56^). 

659, Having thus determined the weight of the whole 
solid matter of the clot, which eotiBisla uf fibrin and cor- 
puscles, together with the solids contained in the porlioa 
of serum with which the clot is saturated; we now have 
to calculate how much of the weight is due to the solids 
of the serum. Assuming that the whole of the water 
present in the clot is due to the serum, and knowing the 
relative proportions of water and solid matter in the 
serum (553) ; knowing also the quantity of water present 
in the entire clot (558) ; the amount of solid matters in 
the clot which belong to the serum may be calculated ia 
the following manner : — 

Wt. of solid 

maltera of ee- 

, roin contained 

evsporated. I serum evap. J clot. ] in th« eutira 

560. The weight of solid matters of the serum thus 
found to be present in the clot, is to be deducted from 
the weight of the entire solid matter of the clot (558), 
when the dift'ereoce will represent the weight of the 
fibrin and corpuscles; the weight of the fibrin, however, 
having been already ascertained by a separate experi- 
ment (557), we have merely to deduct that amount, in 
order to determine the proportion of corpuscles in the 
quantity of blood employed in the analysis. 

5t»l. Now, since the blood may be said to consist 
wholly of fibrin, corpuscles and serum ; and knowing, as 
we do (557, 560), the weight of the fibrin and corpuscles, 
we can, by deducting the combined weights of those two 
substances from the weight of the entire blood, learn the 
proportion of serdm in the quantity of blood operated 
upon. 

562. But we have before determined the relative pro- 
portions of solid matter and water in tbe serum (SoS); so 
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that assuming that the whole water of the blood is due 
to the serum, we can, from the quantity of serum obtained 
in paragraph 561, estimate the proportion of water i 
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563. The i^ry residue of the portion of the clot B (558) J 
is now to be incinerated. The weight of the ash thusij 
obtained, nnuUiplied by two, will give the amouut of thSj 
inorganic salts contained in the clot. A certain portioiM 
of this weight, however, is due to the aalta of the s 
which was contained in the clot, the amount of whioU 
may be learnt by the following calculation, since we havq 
before determined the relative proportions of solid matte 
and inorganic ash in the serum (553, 55i). 
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By deducting thia number from the weight of the aah of i 
the whole dot, we ascertain the amount of inorgiinie aa-J^ 
line matter derived from the fibrin and corpuscles. 

564. In order to determine the whole amount of fixet 
Baits in the blood, we must now reckon how much tha^ 
whole of the serum contains. This is done as follows : — ] 

Weight of ■ 
erum evapo- I 
rated lo 
dryoeas. J \_ of serum. J I. blood. 

By adding together the ash of the serum thus obtal 
and that derived from the fibrin and corpuscles (563) 
asoertaio the proportion of fixed saline MATTEit in thafl 
quantity of blooii employed in the analysis. 

565. Estimalion of the albumen, extractives, and fatty n 
ters. — Five hundred grains of the clear serum (556), are 
to be weighed out in a platinum or porcelain evaporating 
basin, and evaporated to dryness on a water bath. ThereaCl 
due is then truated as described in paragraphs 545 — 550 j 



(Weight of 1 rWt. ofash) 

aerum evapo- 1 J from snniH ( 

rated lo f " 1 quantity f 

dryoeaa. J I. of serum. J 



,. offliedl I 
laltj in 11 
LB whole rfl 



k 
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666. The result of the analysis may then be sammed 
np as follows; and if the experiments have been conducted 
with care, the numbers will, when added together, coin- 
cide very nearly with the whole quantity of blood em- 
ployed in the analysis. 

Water 

Corpuscles 

Albumen 

Fibrin 

Alcohol extractive 

Water extractive 

Oilj fats 

Crystalline or solid fats 

Fixed saline matters 



567. In order to reduce these several amounts to the 
proportion contained in 1000 parts of the blood, the fol- 
lowing calculation must be made in each case: — 

r Wt. of ) f Wt. of each ) f Proportion of that con- ) 

•I blood !• : 1000 : : < constituent !• : i stituent in 1000 parts I 
i used, j ( obtained, j ( of blood. J 

The several quantities thus obtained should, when added 
together, amouut to a fraction less than one thousand. 

SECTION V. 
Average Composition of Healthy Blood, 

568. The following analysis will serve to show the 
usual composition of healthy blood in 1000 parts. 



QUANTITATIVE ANALYSIS OF BLOOD. 



209 



130 Clot. 



{ 



;} 



870 Serum 



1000 



569. Analysis L Healthy Venous Blood. {Dumas,) 

Fibrin 3 

ri,-. ,_» _ f Haematin 2 

wioDuies I AlbumiDous mattef . . .125 

Water 790 

Albumen 70 

Oxygen 

Nitrogen 

Carbonic acid 

Extractive matter 

Phosphorized fat 

Cholesterin 

Serolin . • . 

Oleic and margaric acids 

Chlorides of sodium and potassium 

Muriate of ammonia . . • }> 10 

Carbonate of soda, lime, and magnesia 

Phosphates of soda, lime, and magnesia 

Sulphate of potash .... 

Lactate of soda ..... 

Salts of the fattj acids 

Yellow coloring matter • • • 

1000 



570. Analysis II, {Simon.) 

Water 795-278 

Fibrin 2-104 

Fat 2-346 

Albumen 76-600 

Globulin 103-022 

Hffimatin 6-209 

Extractive matter and salts . • • • 12*012 

571. Analyses III and IV, {Becquerel and Rodier,) 
Showing the mean composition of Male and Female Blood, 



Density of defibrinated blood 
Density of serum . 
Water 
Fibrin 

Fatty matters . 
Serolin . 
Phospbated fat 
Cholesterin . 
Saponified fat 
Albumen 

Blood-corpuscles . 
Extractive matters and salts 
Chloride of sodium 
Other soluble salts 
Earthy phosphates 
Iron . 



Male. 


Female. 


1060-00 


1057-50 


1028-00 


1027-40 


779-00 


791-10 


2-20 


2-20 


1-60 


1-62 


0-02 


0-02 


0-49 


0-46 


0-09 


0-09 


1-00 


1-04 


69-40 


70-50 


141-10 


127-20 


6-80 


7-40 


3.10 


3-90 


2-50 


2-90 


0-33 


0-35 


0-57 


0-54 
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572. Analysis V, (^Lehman.') 









Blood-corpnMles. 


Liquor-Mngninli. 


Water . 


• 






688-00 




902-90 


Solid confltituenU • 


• 






31200 




97-10 


Specific gravity . 


• 






1-0885 




1021 


Hsinatin 


• 






16-75 Fibrin 


4-05 


HsBQiato-cryBtallin 


• 






241-07 Albumen 78-84 


Cell-membraues 


• 






41-15 






Fat . . . 


. 






2-31 




1-72 


Extractive matter . 


• 






2-60 




3-94 


Mineral BubstaDces 


(exclusive 


of 








Iron) . 


• 
• 


• 




8-12 




8.55 


Chlorine 


1-686 


3-644 


Sulpharic acid 


. 






0-066 




0-116 


Phoflphoric acid 


• 






1-134 




0-191 


Potassium 


• 






3*328 




0-323 


Soilium . 


• 






1052 




3-341 


Oxygen . 


. 






0-667 




0-403 


Phosphate of lime . 


• 






0-114 




0-311 


Phosphate of magnesia . 






0-073 




0-222 



573. Analysis VL (Enderlin,) 

Showing the Composition of the Ash of Human Blood. 

Tribasic phosphate of soda (3NaO,P05) . 22-100 ] 

Chloride of sodium 54*769 03.745 i ^^^^^^0 

Chloride of potassium . . ... 4*416 ' ( salts. 

Sulphate of potash 2.461 J 

Phosphate of lime 3*636 ) r , , , . 

Phosphate of magnesia . . . . 0*769 [ 15-175 ^ "!.l7,^^^® 
Peroxide of iron and phosphate of iron . 10*770 J 

98*921 



( salts. 



Eecent analyses have proved that, as would be expected, 
the quantitative composition of the blood varies with the 
part of the circulation from which it is drawn. 



CHAPTER III. 



MORBID BLOOD. 



574. The chemistry of the blood in its pathological 
conditions, has, until within the last few years, occupied 
very little attention from the chemist or physician ; the 
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consequence of whicli has been, tliat much ignorance has 
always prevailed, and, it is to be feared, still prevails, 
among the great mass of the profession, respecting this 
important and interesting subject of of inquiry. It is not 
unreasonable to aDtieipate that the fresh knowledge which 
we are now almost daily acquiring in this and other 
kindred branches of physiological and pathological chem- 
istry, will gradually lead to highly important and bene- 
ficial practical results, in the more enlightened treatment 
of disease, and the more ready mitigation of Buffering. 

575. The variations which are found to occur in the 
chemical composition of morbid blood may be divided 
into two classes: — 

Ist. Those in which, so far as we are aware, no abnor- 
mal maUer,notcontained in healthy blood, is present; 
but in which one or more of the normal constituents 
of healthy blood exists in a greater or less propor- 
tion than in the healthy fluid. 

2d. Those in which we can detect the presence of one 
or more abnormal matters which are not found in 
healthy blood, 

576. To the first of these classes belong those cases in 
which we find an excess or defieiency of water, corpua- 
cles, albumen, fibrin, fatty matters, cholesterin, urea, uric 
acid, or inorganic salts ; and to the second, those in which 
either sugar, biliary matter, pus, entozoa, or other abnor- 
mal matter, can be detected. I will briefly notice each 
of these morbid conditions of the blood, together with 
the mode of examination, whether chemical or micro- 
scopic, which will be found most readily applicable to 



Class I. — Men-bid Blood in which no abnormal matter is 
present. 



SECTION I. 
Blood containing an excess w d 



/iciency of Water. 



577. The proportion of water even in healthy blood 
appears to vary considerably, so that it la difficult to say 
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wliat may be considered as tbe normal amoant. The 
usual average, however, coDtained in humaD blood, seems 
to be from 7»0 to 800 in 1000 parts. 

578. In some forms of disease, ae, for example, ansemia 
and chlorosis, tbe proportion of water is usuall; much 
greater, and has been known to amount to upwards of 
tiOO parts in 1000. In certain other pathological condi- 
tions, on the contrary, the blood ia found to contain con- 
eiderably less water than is present in the heallhj fluid; 
in cholera, for instance, where the blood is ao rich in solid 
matter aa almost to resemble jelly in appearance, it has 
been known to contain not more than 4^0 parts of water 
in 1000. 

579. The proportion of water present in any specimen 
of blood may readily be ascertained, by evaporating a 
known weight of the fluid in a weighed or counterpoised 
capsule, on a chloride of calcium bath, healed to abont 
220° or 230°, until it ceasea to lose weight. The loss of 
weight during the evaporation will then represent the 
proportion of water in the quantity of blood employed, 
which may be reduced to 1000 parts, as follows: — 

( ^^^' \ : \, I°-»'"e'«l;t I .1000 ( :Zr/^?C^ I 

SECTION II. 
Blood containing an ea^cesa or deficiency of Corpuscles. 

580. The average proportion of corpuscles contained 
in healthy human blood appears to be from 120 to 130 
parts in 1000. In disease, especially in some forms of 
fever, it sometimes increases considerably, and has been 
known to amount to 185 parts in 1000 ; while in anjemia, 
and certain other affections long known as being attended 
with great y 00 mess of blood, the proportion of corpuscles 
frequently does not amout to more than 60 or 70, and has 
been known to he as low as 21, in 1000 parts. 

581. Tbe direct determination of the weight of the 
corpuscles ia a matter of considerable difficulty, so that 
they are generally estimated by deducting the combined 
weights of the water, fibrin, and solid matters of the 
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serum, wliich are easily determineiS experimentally, from 
that of the entire blood, in the manaer described in para- 
graphs 518, 527, &c. 

582. According to Figuier, their weight may be deter- 
mined with considerable accuracy by mixinj^ the blood, 
previously defibrinated by agitation with fragments of 
lead (507), and weighed, with about eight times its bulk 
of a saturated solution of sulphate of soda, filtering 
through a filter of'known weight, and washing the cor- 
puscles of the filter with a little more of the saline solu- 
tion (iSti). When moatof the liquid has drained through, 
the filter with its contents is dipped in boiling water, and 
allowed to remain in it some little time, in order to dis- 
solve out the salt; while the organic matter of the cor- 
puscles is coagulated by the heat, and thus rendered 
insoluble. The filter, with the corpuscles, is then dried 
at 212°, weighed, and the weight of the dry filter, pre- 
viously determined, being deducted, the difference will 
represent the weight of the corpuscles contained in the 
quantity of blood operated on, 

683. The microscopic appearance of the corpuscles is 
also not unfrequently found to vary under the influence 
of disease, the raodiScationa of form occurring occasion- 
ally in the living body, but more frequently after death. 
Most of these changes are due to the phenomena of en- 
doamosis or exosmosis already referred to (456). Thus 
they are sometimes met with having a more or less glo- 
bular form, owing to the entrance of fluid less dense than 
the serum of healthy blood ; at other timea they are 
found to have a wrinkled or indented outline, similar to 
that which the healthy corpuscle assumes when placed 
in contact with strong saline solutions of high specific 
gravity. (See Pig. 65.) 

684. In examining the blood corpuscles under the mi- 
croscope with a view to detecting any abnormal appear- 
ance aa a consequence of disease, it must be borne in 
mind that these and other analogous changes in the form 
of the corpuscle are artificially induced by the action of 
water or other liquids with which they may have been 
allowed to come in contact ; such contact should therefore 
be carefully avoided. The wrinkled appearance is some- 




times caused also by the concentrntion of the serous fluid, 
owing lu spuuianeoLia evaporauon (4oti). 

SECTION in. 

Jilood conlainiiig an excess or deficiency of Albumen^ \ 

585. The average proportion of albumen in benltliy 
blood appears to lie between 70 and 76 parts in 1000: 
while in disease it is occasionally (as'in cholera) as high 
as 131, and (aa in Bright's disease) as low as 55 parts in 
1000. 

688. The amount of albumen in any specimen of blood 
may be ascertained in the manner described in paragraph 
547 ; or a weighed portion of serum may be carefully 
neutralized with dilute hydrochloric acid, diluted with 
an equal bulk of water, and boiled for about a quarter 
of an hour. The coagulom of albumen is then separated 
by filtration, dried at 212", and treated with hot ether to 
remove the fat (545), and weighed before and after inci- 
neration ; the diSerence between the two weighings being 
the weightof albumen in the quantity of serum used (548), 

587. The quantitative estimation of the other consti- 
tuents of the blood may, if necessary, be conducted as la 
the ease of healthy blood (603, &e.). 

SECTION rv. 

Blood containing an excess or deficiency of Fibrin. 

588. Healthy human blood usually contains from two 
to three parts of fibrin in 1000; while in disease it has 
been found to vary from a mere trace, to upwards of ten 
parts in 1000; a considerable increase in the amount 
being usually found in most forms of inflammatory dis- 
ease. 

589. The peculiar appearance frequently to be seen 
after coagulation, in blood taken from the body during 
certain pathological conditions, long known as the huffy 
coat, is caused by the upper portion of the clot being 
composed almost erjtirely of fibrin, or of some modifica- 
tion of protein closely allied to it, unmixed with the red 
corpuscles, This may be owing either to the blood- 
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corpuscles subaiding in the liquid more rapidly than in 
ordinary blood, or to the fibrin, coagulating more s!owly ; 
in either case the upper portion of the coagulated fibrin 
would be more or lesa free from the corpuscles to which 
the red color of the ordinary clot is due. The blood in 
which thebuffy coat is fouud to occur is, in most cases, 
rather rich in fibrin, and it was formerly regarded as a 
sure sign of inflammation ; an opinion which has since 
been proved to be altogether erroneous (452). 

690. The proportion of fibrin may be readily deter- 
mined either in coagulated or freshly drawn blood, iu the 
manner already described. For freshly drawn blood, see 
paragraph510, &;c., and for coagulated blood, aee paragraph 
524, &G. 

The quantitative estimation of the other ingredients 
may also, if necessary, be conducted in the same manner 
as iu healthy bluod {503, &c.). 



Fig. 67. 



Blood containing an Excess of Fatty Matter. 

591. The average amount of fat in healthy blood 
appears to be something more than two parts in a thou- 
sand. The whole of the oily fat probably exists in com- 
bination with potash or soda, forming a kind of soap; so 
that in the healthy fluid no oil globules can be detected. 

592. In certain piithological conditions, we oecnsionalty 
meet with blood containing a considerable quantity of 
free fat, which is held in suspen- 
sion, in the form of minute glo- 
bules, in the serum, giving that 
fluid a more or less opaque or 
milky appearance. In this form 
of blood, which, from its peculiar 
appearance, has been called milky 
blood, may be seen, with the help 
of the microscope, innumerable 
fat globules, which may be readily 
distinguished by their bright cen- 
tres, and black, well-defined outlines (Fig. 67). They 
may be separated by agitating the serum with a little 
ether, which will readily dissolve them. 




593. The amount of fat id any apecimen of blood may 
be rtetermi ned by evaporatiDg to dryness a known weight 
of i.be fluid, pounding the dry residue, and boiling it with 
succeesivc small quantities of ether (545). The ethereal 
solution of the fat thus obtained is evaporated to dryness 
in a counterpoised capsule, and weighed; its weight 
representing the proportion of fat in the quantity of blood 
employed. 

694. The quantitative determination of the other con- 
Btituents of the blood may, if required, be efteoled in the 
same manner as in the healthy fluid (5U3, &c.). 

SECTION VI. 

Blood containing an Excess of Cholesterin. 

695. Minute traces of cholesterin appear to be alwi^ 
present in healthy blood, though some observers bs^ 
failed in their endeavors to detect it. The amount, ho^ 
ever, in certain forma of disease not unfrequently ris 
as high as 0'15 to 0'20 in 1000 parts ; and in one caseq 
so called nn7ity hlood, Lecanu found not less than I'O" 
1000. 

b%Q. When an excess of cholesterin is suspected to ? 

present in any specimen of blood, it may be se 

and estimated with tolerable accuracy in the followid 

manner, A known weight of the bluod is evaporated | 

dryness on a water-bat| 

i^i': "^^ and the dry residue, afb 

__ being reduced 

■■"\ \ " powder in a mortar, i 

digested for a few hodg 

in ether, the solvent i 

i ■. -^ . , , ., tion being assiai 

occasional boiling (541 

In this way the cholc| 

terin, together with t" 

other fatty matters, is dij 

solved, and may be oK 

tained by evaporating the ethereal solution on a watel 

bath. The residue is then deprived of the oily portio|^ 

of the fat, by digestion with cold alcohol, which leavaj 
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undissolved the cboleaterio, with the other solid fatty 
matters; the crystalline scales of cholesterin (Fig, 68), 
which are easily distioguishable from the rest, may thea 
be, for the moat part, mechaaically separated with the 
point of a knife. Their weight may then, after drying, 
be ascertained if necessary. 

597. The quantitative estimation of the other constitu- 
ents may be conducted as in the case of healthy blood 
(SOS, &c.). 

SECTION VII. 
Blood containing an Hxceas of Urea. 

598. Minutetracesof urea are probably always present 
in healthy blood (484), though the amount is so small aa 
to be incapable of determination, unless considerable 
quantities of blood are used. In some forma of disease, 
however, especially in Brigbt's disease, cholera,* and 
certain other pathological conditions, in which the fanc- 
tiona of the urinary organs are to any serious estent 
interfered with, the amouat of urea is found to increase 
considerably, and may frequently be met with in a suffi- 
ciently large quantity to be weighed. 

599. The detection and estimation of urea in the blood 
may be conducted in the following manner. A known 
weight of serum is first evaporated to dryness on a water- 
bath, at a vei-y gentle beat, a precaution necessary to be 
observed, since a temperature of 212°, long continued, 
such as is required in thisanalysis, would probably cause 
the decomposition of some portion of the urea. The dry 
residue is reduced to fine powder in a mortar, and treated 
with distilled water, heated to about 200°, the quantity 
of which may be about double the volume of the serum 
employed in the experiment. Tlie mixture is allowed to 
digest for about half an hour at 200°, afler which it may 
be filtered from the insoluble residue of albumen,f which 

* It liaa been stated that, in ch( 
fa tha blood, whioli vsrj rapidly ci 
ftiDmooia 01). 

t A more delicate process aon^istB lii drying the aerum in poeao 
over snlphuric acid, and pxtraoting the powdured tesidoe wilt aloohol, 
whicb disaolres the area. 

ly 
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latter tniist be washed while on the filter with a little 
more warm water. The filtered aqueous solution is now 
evaporated to dryness, and the residue digested with a 
little al)solute alcohol, at a very gentle heat, which may 
be continued for about half an hour; a little fresh alcohol 
IxMng added occasionally, to replace that lost by evapora- 
tion. The mixture is then filtered; the clear alconolic 
solution is evaporated to dryness, and the residue treated 
with a little lukewarm distilled water, which will then 
conuiin merely the urea, together with a small quantity 
of ex tractive matter. 

600. The aqueous solution thus obtained is evaporated 
at a very gentle heat, to the consistence of a syrup, and 
then mixed with a few drops of pure and colorless nitric 
acid (16, 181), the mixture being kept cool by immersing 
the glass containing it in a little cold water, or, still 
better, in a freezing mixture composed of equal weights 
of crystallized nitrate of ammonia and water. If urea is 
present, delicate crystalline plates of nitrate of urea 
(C,H,N,0,,nO,N03), will gradually appear (Fig. 2), which, 
if in sufficient quantity, may be dried by gentle pressure 
between folds of filtering paper, and weighed. From 
the weight thus obtained, that of the urea in the quantity 
of serum employed may be calculated as follows: — 

Atomic wt «)f nitrate Atomic wt. Wt. of nitrate Wt. of urea in qnantitj of 
of urea. of iiroa. obtHiued. serum empli»yed. 

^- -V- ' > y ' ^ ■ -y 1 *^ 

123 : 60 : : a : x 

601. If no appearance of crystallization can be detected 
with the naked eye, a drop of the acid liquid, cooled by 
means of a freezing mixture, is to be examined under 
the microscope, by which means very small traces of urea 
may be detected (181). 

602. The quantitative determination of the other con 
stituents may be effected with a fresh portion of the blood 
in the same manner as in the healthy fluid (503, &c.). 



Blood c 
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SECTION VIII. 



flood containing an Excess or Bejiciency of Inorganic Saline 
Matter. 

603. The average proportion of inorganic saline matter 
in healthy blood, appears to ba about seven parts in 1000. 
In scurvy, and some other pathological conditions, their 
amount has been found to increase, and baa been known 
to anaount to aa mucb aa eleven parts in 1000. In some 
other diseases, on the contrary, the amount falls below the 
healthy average. 

The proportion of fixed saline matter in any specimen 
of morbid blood, may be determined as in the case of the 
healthy fluid— viz., by evaporating to dryness a known 
weight, and incinerating the residue until the ash becomes 
nearly colorless. The weight of the ash thus obtained 
represents the amount of salts in the quantity of blood 
employed.* 

60i. The presence of urie acid (urate of soda) in the 
blood of gouty patienta, may be shown by evaporating a 
little of the fluid to dryness on a water-bath, and, after 
washing the dry residue with alcohol, adding a slight 
excess of dilute hydrochloric or acetic acid to a strong 
aqueous solution of the extract which proved insoluble 
in the alcohol. After standing a day or two, minute 
crystals of uric acid, similar to those formed in the urine, 
are gradually deposited, and may be identified under the 
microscope (186, 19i), or by their behavior when treated 
with nitric acid and ammonia (28). Even in healthy 
blood, minute traces of uric acid may generally be de- 
tected. 

A simpler teat devised by Dr. Garrod, consists in treat- 
ing the serum with acetic acid in a watch-glass in which 
a fine thread is placed. After an hour or two, the thread 
is examined by the micro.'^cope, when crystals of uric acid 
are discernible upon it. 

* Sue note to paragraph 63. 
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Class II. — 3[orhidBloodcon(aining some Abnormal Ingredient. 



SECTION IX. 
Blood containing Sugar {C^^^fi^^. 

605. The blood of patients suffering from diabetes, 
appears most commoaly to contain a very sensible amount 
of sugar.* This may usually be detected in the following 
manner : — 

(506. The portion of serum intended for examination 
is first evaporated to dryness, either in vacuo over sul- 
phuric acid, or at a very gentle heat on a water-bath. 
The dry residue is then reduced to tolerably fine powder, 
and treated with a small quantity of boiling water, which 
will have the effect of coagulating the albumen, and 
dissolving out the sugar, together with the extractive 
matters and soluble salts. The mixture is then filtered, 
and the clear liquid examined for sugar, by means of 
Trommer's test, which may be thus applied: — 

607. The liquid is treated with a drop or two of a 
solution of sulphate of copper, and then supersaturated 
with potash (123), the excess of which will probably, if 
sugar is present, redissol ve the blue precipitate of hydrated 
oxide of copper at first thrown down. The mixture may 
now be gently boiled for a few minutes, when, if sugar 
is present, an orange-brown or ochre-colored precipitate 
of suboxide of copper will be thrown down ; while if 
no sugar is contained in the mixture, the precipitate will 
be nearly black (124). 

60S. It is always more satisfactory, when practicable, 
even when Trommer's test affords tolerably decided indi- 
cations of sugar, to confirm the result by applying also 
IWltiifor's test (127), the fermentation test (128), and 
examining under the microscope for the torula (132) ; 
since certain otlier organic matters besides sugar give rise 
to tho fonnatiou of the suboxide. 

COIK When, after having proved the presence of sugar 

* fc^oo uoto to paragraph 484. 
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in tho blood, it is required to del«rmine its amount, the 
following method of insulating it is, perhaps, the best, 
though the results must not be regarded aa by any rnenna 
exact, but merely as an approximation to the truth. The 
fermentation process (128) cannot be here applied, since 
traces of carbonic acid may be evolved by some of the 
otherconstitnentsof the blood, when no sugar is present. 

610. A known weight of serum ia evaporated to 
dryness, either in vacuo over sulphuric acid, or at a very 
gentle heat on a water-bath. The dry residue is then 
6nely comminuted and treated with boiling water, in 
which it may be allowed to digest for three or four hours, 
in order to insure the solution of the whole of the soluble 
matter. The aqueous solution is separated from the 
albumen by filtration, and evaporated to dryness aa 
before. The dry residue is now digested with alcohol, 
which leaves undissolved portions of the saline and 
extractive matters. The alcoholic solution is mixed with 
& little alcoholic solution of potash, and set aside for 
twenty-four hours, when a crystalline compound of sugar 
and potash will be deposited. The alcoholic solution may 
now be poured or filtered off, and the crystalline com- 
pound dissolved in water with a view to the determina- 
tion of the quantity of sugar by means of the standard 
alkaline solution of copper (352). 

When the freshly drawn blood can be obtained, the 
following process recommended by Figuier may be 
adopted. About six ounces of blood are defibrinated by 
stirring (477), and mixed with three volumes of a satu- 
rated solution of sulphate of soda. The blood globules 
are then filtered oft', and the filtrate mixed with two 
volumes of alcohol, to coagulate the albumen and pre- 
cipitate the sulphate of soda. These having been filtered 
off, the solution is evaporated to dryness on the water- 
bath, the residue extracted with water, and the sugar 
determined by the alkaline copper solution (352). 

611. The quantitative determination of the other con- 
stituents of blood containing sugar may be eftected in 
the same manner as in the case of healthy blood, the 
weight of the sugar being deducted from the extractive 
matter (503, &c.). 

19* 
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SECTION X. 
Blood containing Biliary Mailer. 

612. Id jaunJice, and some other Riyections id w^n 
the functions of the liver are interfered with, an t 
mutation of biliary matter is found to talie place ii^ 
blood, giving the serum a more or less decided s 
or orange- brown color, which is due to the peculiar c 
ing matter of the bile, called biliphcein (cholepYrrhinjj 

613. The presence of bile in the blood may be detected 
by adding to a little of the clear serum a few drops of 
nitric acid, which will throw down the albumen ; the pre- 
cipitate having, if biliary matter (biliphcein) is present, a 
decided greenish lint, while ia healthy serum it would 
be while, or very nearly so. 

614. If so small a quantity of bile is present as to fail 
in producing a perceptibly green color with nitric acid, 
a little of the suspected serum may be first concentrated 
by evaporation at a temperature not exceeding 120° or 
130°, and then exhausted with alcohol or water, and the 
solution tested in ihe manner already described in ibe 
case of urine (149 — 152). 

615. We have at present no means of estimating the 
quantity of biliary matter contained in blood, though the 
depth of color of the serum furnishes some indication of 
the relative amount present. The quantitative deter- 
miuatiou of the other constituents of the blood may be 
made in the same manner as in the analysis of the healthy 
fluid (503, &c.). 

SECTION XI. 
Blood containing Fns. 

616. The existence of pus in morbid blood is probably 
by no means a rare occurrence, especially in diseases 
which are attended with suppuration. Ite detection, 
however, ia far from easy, since we possess no character- 
istic chemical test by which it may be distinguished from 
the ordinary constituents of the blood ; and in micro- 
scopic appearance, the pus granules very closely resembie 
tlio colorless corpuscles which are always present in the 
blood (464), The pus granules are in general somewhat 
larger than the wliite corpuscles of the blood, and when 
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treated with dilute acetic acid, develop ioternal iinc!ei,fl 
which are usually from three to five in number, and more | 
distinct than those in the white corpuscles of the blood. 
The pua granules, when present in blood, appear to have 
a tendency to adhere together in groups of five or six ; 
while the colorless corpuscles of the blood always float i 
detached from each other. | 

617. According to Heller, the granules of pus, when J 
mixed with blood, subside much more slowly than thai 
blood -corpuscles ; so that when present, they may always I 
be found in the uppermost layer of the coagulum.* He's 
recommends a thin slice to be taken from the upper sur-J 
face of the latter, which, after being mixed with a little* 
distilled water, should be filtered through muslin, in order ■ 
to separate the fibrin. The blood corpuscles are for thej| 
moat part dissol ved by the action of the water (458) ; and I 
after allowing the filtered liquid to stand a short time in I 
a tall glass, the pus granules will be found at the bottom M 
of the liquid, and may be detected under the mieroaeope..J 

618. The action of ammonia upon pus has been pro-l 
posed by Donn^ as a test for its presence in the blood. M 
When blood, free from pus, is mixed with ammonia, it I 
becomes clear; while if pus is present in any consider- J 
able quantity, the liquid becomes more or less gelatinous.! 
If the amount of pus present is smalt, stringy fiocouli only I 
are formed, which subside to the bottom of the liquid. m 

SECTION StI. ■ 

Blood containing Animalcules. 1 

619. Instances have occasionally been observed, ial 
which minute thread-like animalcules have been present I 
in considerable numbers in the blood. Those described ■ 
by Dr. Goodfellow, which he detected in the blood of a pa-1 
tient suffering from fever, measured from Bo'sul'btoso'Do'i^* 
of an inch in length, and from m^attth to acDUD*'^ ^^9 
an inch in diameter. The only method of detecting auoh-fl 
entozoa in the blood, ia to examine it carefully under thai 
nicroscope, with as high a magnifying power as thefl 

r has at his command. I 



i remark also applies to ttie colQABia coi^fuAiw. 
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SKmOX L 
Gi'y.eral Characien of Milt, 

620. Milk, as is well known, is a watery liquid, having 
in solution a certain amount of casein, sugar of milk, or 
lactine and extractive matter, together with several inor- 
ganic salts, and holding in suspension mvriads of ex- 
tremely minute globules of fatty matter, plainly visible 
through the microscope, which give the fluid its peculiar 
white and opaque appearance. It has a pleasant and 
rather sweeti^sh taste, and a slight agreeable smell, espe- 
cially while warm. The specific gravity of milk varies 
considerably ; that of woman being sometimes as low as 
1020 (the average being 1032), while that of the sheep 
is as high as 1041. 

021. Fresh milk is almost invariably slightly alkaline 
to test paper, but on exposure to the air, especially in 
warm weather, it rapidly becomes acid, owing to the con- 
version of the sugar of milk into lactic acid (22rO,(7„ 
i/jpOjo), under the influence of the casein, which acts as 
a I'errncnt (630). If the milk has been long retained in 
the mammary glands, this change occasionally takes 
place before being drawn ; and in some morbid condi- 
tions also, the milk is found to have an acid reaction 
even when freshly drawn. 
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622. When allowed to stand for a few hoars, the fiitty 
globules, which have a somewhat lower specific gravity 
than the fluid portion of the milk, gradually riae to the 
surface, carrying with them a portion of the caseous mat- 
ter, forming a layer of cream, which is more or less thick 
and copious in proportion to the richneaa of the milk.* 

623. If a little acetic or lactic acid, rennet, or even 
soar milk, he added to hot milk, the casein of the latter 
is precipitated in the coagulated form; and the same 
effect is produced by warming milk or cream which haa 
been allowed to turn sour; the sourness being due to the 
lactic acid, into which the sugar of milk has been con- 
verted. The solid and liquid portions into which the 
milk is thus divided, are commonly called curda and 
whey. 

624. Before describing the mode of analyzing milk, I 
■will briefly notice the several constituents whiuh we find 
contained in it — viz., casein, sugar of milk, fat globules, 
and Balioe matter. 



Casein. 

625. Casein is one of the so-called protein compounda-)- 
(472) peculiar to the milk, and constitutes the chief 
source of nourishment to the young animal ; for which 
purpose it is admirably adapted, from the readiness with 
which it appears capable of, being converted into the 
other bodies of the same class — viz., fibrin and albumen. 

626. It may be obtained in a state of tolerable purity 
by evaporating a quantity of milk to dryness on a water- 
bath, and boiling the dry residue in auccessiva portions 
of ether, in order to dissolve out the fat. The reaidue 
which remains insoluble in the ether ia then dried, and 
digested in water, which will dissolve the caaeio and 

* Aaoording to Hiiller, freelt milk, wben allowei to etand, first 
undergoes a pecaliar ohangf, reantUog in lbs dissolution of tb« meni- 
l)raneB inclosing tba fat globulas, so that tha proportiou of fat wliioli 
can be aiCracted by uther ooaliuuea to incniaiiti for soma time aftec the 
milk has been drawn. 

t See note to 471. 



( 



other soluble mnttera of the milk. On adding aloohol^l 
the aqueous solution, a great part of the milk-sag&rJH 
thronrn down in the form of a precipitate, leaving tH 
casein in eolutioa together with some milk-sugar aDJl 
soluble salts. M 

It may be obtained in a pnrer condition by adding. fl 
little hydrochloric acid to skimmed milk, collecting tlM 
ourd upon a linen strainer, and washing it first wiw 
water, tnen with water slightly acidified with hydrocblM 
ric acid, and finally with pure water. If it be tlim 
heated to 110° with a large volume of water, the greatM 
portion will dissolve slowly, and may be reprecipitatifl 
from the filtered solution by neutralization with cartin 
nate of ammonia. After washing with water, and warq[ 
ing, first with alcohol, and afterwards with ether to ifl 
move all fatty matter, the casein is as pure as it can JH 
obtained. It always leaves an ash of phosphate of liifl 
when burnt. Jm 

627. It is most probable that pure casein is insolufaM 
or very sparingly solublo, in water, and gwes its &o)m 
bilily in milk to the small quantity of alkali which 9 
present. When dry, it closely resembles fibrin aifl 
albumen in appearance (479), and its behavior with M 
agents is in most cases very similar ; it diSers from tigl 
latter chiefly in not coagulating when heated; and it<9 
precipitated by acetic, and nearly all the acids, but redijfl 
solves in a considerable excess of most of them. oM 
solution in acetic acid is precipitated by dilute sulphuin 
acid. The ferrocyanide and ferridcyanide of potas^qn 
a,ho cause precipitates in solutions of casein. ■■ 

SECTION in. H 

Sugar of Milk and Lacline {C„H„0.,). ^ 

628. The sugar contained in milk may be prepared H 
the following manner: The curd, including the greatM| 
part of the casein and fat globules, is first separated bV 
the addition of a few drops of acid to hot milk, and tM 
remaining traces of those substances are then removM 
by mixing a little well-benten white-of-egg with the whefl 
when cold, and afterwards boiling the mixture. Tlfl 
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whey thus clarified by the coagulating albumen of the I 
egg, ia filtered from the precipitate by passing it tbrough I 
muslin or calico; and the clear liquid may then be J 
evaporated to about one fourth or one fiith its bulk, and! 
set aside in a cool place for a few days. The sugar will '■ 
gradually separate from the liquid, in the form of minute 
Bard crystals, which adhere to the surface of the contain- 
ing yessel. These may be purified by dissolving them 
again in water, boiling the solution with animal charcoal, 
and recrystalJizing. 

629. This variety of sugar ia less sweet than that ob-fl 
tained either from the cane or the grape (114) ; it is als 
harder aud less soluble in water, requiring as much i. 
five or six times its weight of cold, and two and a Half J 
limea its weight of hot, water to dissolve it. Wheal 
mixed with a little hydrochloric or sulphuric acid, sugar J 
of milk gradually becomes converted into grape sugar f 
(C„H,^0,J, and thia change takes place more rapidly i' 
the solution is boiled. 

B30. Under the influence of the caseous matter of the 
milit, this form of sugar gradually passes into lactic acid 
(2H0, (7jjff,jO[o), a change easily accounted for, since the 
formula of the sugar iaa multiple of that of the acid, one 
equivalent of the former being broken up into two of the i 
latter. 

SECTION rv. 

Fat Glubulea. 

631. The minute globules which are held suspended 1 
in milk, and to which the opacity 
and whiteness of the fluid are due, 
consist mainly of oily fat, which 
appears to be surrounded by a thin 
covering of insoluble matter difi'er- 
ing in its properties from fat, and 
probably composed of one of the 
protein compounds. It is for this 
reason that the fat globules cannot 
be removed from milk by agitation 
with ether, unless potash be pre- 
viously added to dissolve the nieiubtanous av\N<^ 





128 MILK. 

682. The size of the globules in healthy milk varies 
from a mere point to about guVotb 
of an inch in diameter, the aver- 
age size being rather more than 
,^„th(Fig.6»). 

6'6S. In the milk which is 
secreted during the first few days 
of lactation, called the colostrum, 
and which is always mach richer 
in quality than ordinary milk, 
we find in addition to the com- 
mon milk globules, numerous 
granular corpuscles of a pale 
yellowish color, and considerably 
larger than the others, their diameter varying from 
xg^Qgih to H^Dth of an inch (Fig. 70). Similar corpuscles 
are also occasionally preseut ia milk secreted during 
disease. They appear to be almost peculiar to human 
milk, being rarely met with in that of the cow and other 
animals. 

684. The fatty matter of milk consists for the most 
part of a solid fat, called margarine (C,„HiojO,j), mixed 
with a liquid fat or oil, called oleine {C„,Hi„Ojj), together 
with small quantities of butyrine and other fats. The 
proportion in which these several fata are found mixed 
in milk, varies considerably, being influenced by the 
health and food of the individual, the season of the year, 
and other circumstances. A specimen of the fat con- 
tained in cow's milk, analyzed by Bromeis, contained — 

Margarine 68 

Oleine 30 

Bntf ric, caproic, and caprlo acide .... 2 



* HeinCi pronouiices the margarine of butter to be a mixtnre of 
stearine (C,nH.,oO|-) and paluiitine (C|(gH^O,j). He has also ob- 
tained a new acid called biilic or bulinic acid (mi,C,^ll^O,} from butl«r, 
aa wBllaBcaprjlio (HO.CijHijO,) andwyristio (HO.CibIIjiOj) aoida. 




Saline MatteTS. 



635, It is probable that the following salts are present I 
in milii, thoagh an analysis of the ash will not, of course, I 
detect the organic and volatile compounds included ia j 
the list, since they are either decomposed or volatilized J 
during the process of incineration: the chlorides of 1 
potassium and sodium; the phosphates of potash, soda, f 
lime, and magnesia, with traces of phosphate of the per- 
oxide of iron. 

6iJ6. According to Ilaidlen, the ash obtained by in- 
cinerating 1000 parts of cow's milk, consisted, in two ] 
instances, of the following substances i — 



FhoBpliale of lime 
Phosphate of magnesia ■ 
PLosphate of peroxide of ir 
Chloride of polassinm . 
Chloride of aodium 
Boda .... 



637. The presence of these several salts may be proved I 
by applying to a solution of the ash in water and hydro- I 
chloric acid, the tests mentioned in the chapters on thaj 
urine and the blood (41, 490, &c.). 

SECTION VI. 
Composilion of Human Milk. 

638. In healthy human milk, the several constituents I 
which I have now briefly described, are not always pre- \ 
Bent in the same relative proportions; various circum- 1 
stances, as those of age, temperament, and food of the 1 
mother, as well as the period of lactation, causing con- 
siderable variation in the composition of the secretion.! 
The following examples will serve to show to what extent J 
these variations usually occur. The proportio 
calculated in 1000 parts of milk. 

20 
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Analysis L (Simon.) 

Showiny the mean of Fourteen Analyses matfe at different periods, with 

the Milk of the same Woman, 



Water .... 


• • a 


. 883*6 


Solid constitaenU • 


• • • 


. 116-4 


Butter*. 


• . a 


. 25-3 


Casein .... 


• . . 


. 34-3 


Sugar of milk and extractire matters . 


. 48*2 


Fixed salts . 


• . • 


2-3 


Analyses II, III, and IV. (Clemm.) 


The fourth daj The ninth daj 


The twelfth day 


after delirerj. 


after delivery. 


after delivery. 


Water . . 879*848 


885-818 


905-809 


Solid constituents 120-152 


114-182 


94-191 


Butter . . 42*968 


35-316 


33-454 


Casein . . 35-333 


36-912 


29-111 


Sugar of milk 






and extraotire -41*135 


42-979 


31-537 


matters 






SalU . . 2-095 


1-691 


1-939 


Analysis VII. (Chevallier and Henri) 


Water ..... 




. 879-8 


Solid constituents 




. 120-2 


Butter . . i . . 




. 35-5 


Casein 




. 15-2 


Sugar of milk 




. 65-0 


Salts 




4-5 



The recent analyses of MM. Vernois and Alfred Bec- 
querel give the following as the composition of normal 
human milk : — 

Water 889.08 

Sugar 43-64 

Casein and extractive 39*24 

Butter 2G-G6 

Salts (ash) 1.38 



1000-00 



Specific gravity, 1032-67. 



* The portion of milk drawn at the commencement of a draught 
(whether from a woman or a cow) is not so rich in butter as that 
drawn at the conclusion. 
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SECTION VII. 



Composition oflhe Millc of other Animals. 

The proportion of the several constituents iS'J 
found to differ considerably in the milk of different^ 
animala* The subjoined table, showing the composition* 
of the milk of a few of the more important domeatioj 
animals, from the analyses of Chevallier and Henri, will's 
serve to illustrate this: — 





Cow. 


Asa. 


Goat. 


E<re. 


Casein 


4-4S 


1-62 


4-08 


4'SD 


Butter 


3-13 


O'll 


3-32 


4-20 


SuRarofmilk . 


4-77 


6-oa 


6-28 


fi-00 


SnliiiH m&tter . 


0-80 


0-34 


0-52 




Water 


87-02 


01-66 


8680 


85-H2 



639ff. According to the analysis of Morin.f milk con-J 
taina a considerable quantity of a substance reaemblingl 
gelatine, which he proposes to call galadine. Both thiu 
substance and the caseine of milk possess a specifittj 
power of emulsifying the fats, and he thus accounts forW 
the minute state of division of the fatty matter in milk," 
It is also asserted that the coagulum obtained by boiling 
milk which has been curdled by acetic acid and filtered, 
oonaists of albumen. The results of Morin's analysis of 1 
cow's milk were: — 











Sod% iu combination nith it 


. 0-48 




Alburaen 


. 3-90 




Galactitie (gelaliRHnous matlor) 


. 3'82 






















lOOO-HO 




* SohloaflberRerdasfltibea the milk of the o 
D»uallf au suid roactioo. The milk of 8tal]-f«d co 
kept on Breen tooil ia alsa said to ba frequently a 


rniyora aB Laving 

-J 
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CHAPTER 11. 

QUANTITATIVE ANALYSIS OP MILK. 

640. Two portions of milk, one weighing about 100 
grains and the other about 400 grains, are to be accurately 
weighed, the first in a platinum crucible or capsule, and 
the second in a porcelain capsule ; both the vessels having 
been previously weighed or counterpoised. The first 
portion, of 100 grains, we will call A, and the second, of 
400 grains, will call B. 

641. Treatment of the portion A. — This portion, after 
being weighed, is to be evaporated to dryness on a water- 
bath, or, still better, on a chloride-of-calcium bath heated 
to about 220°, until, on being weighed at intervals of 
half an hour or an hour, it ceases to lose any further 
weight. The weight of the dry residue will then repre- 
sent the amount of solid matter contained in the 
quantity of milk used, while the loss of weight during 
evaporation shows the amount of water. 

642. In these and the otlier determinations, the pro- 
portion present in 1000 parts of the milk is calculated in 
the following manner: — 

{Wt. of milk ^ r Wt. of each '\ f Proportion of that ) 

used in the V : ■! constituent > : : 1000 -j constituent in 1000 |- 
experiment. J ( obtained, j ( parts of the milk. J 

643. The weight of the dry residue having been noted, 
the crucible, with its contents, is to be placed over a 
lamp, and kept at a red heat until the whole of the char- 
coal is burnt away, and the ash becomes white or nearly 
so. The weight of the ash thus obtained will represent 
the amount of INORGANIC saline mati^er in the quantity 
of milk evaporated ; from which the proportion in 1000 
parts may be calculated as before (642).* 

* See foot-note to paragraph 63. 
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744. Treatment of the piyrtion B. — This portion, after! 
being weighed, is to be mixed with about one-fourth ita>l 
weight of fioe-pounded bydrated sulphate of lime (CaO,l 
S03+2Aq)or unburnt gypsum, with which it is to boj 
well atirred for a abort time, and then raised to a temJ 
perature of 212°; by which means the whole of th^ 
casein will become coagulated, and insoluble in waterj 
The mixture ia now to be evaporated to dryness on a-l 
water -bath, being occasionally atirred, in order that thg^ 
solid reaidue of the milk may be pretty uniformly mixe^ 
with the sulphate of lime. 

645. The mass, when dry, is then easily reduced tol 
powder, after which it ia to be digested with successive 
small quantities of ether (545), which will dissolve out 
the whole of the fatty matter. The ethereal solution ia 
now evaporated to dryness on a water-bath, and the 
residue weighed ; its weight representing the amount of 
PAT in the quantity of milk operated on; from which the 
proportion present in 1000 parts of milk may be calcu- 
lated aa before (642). 

646. The portion of the reaidue which proved insolubloj 
in either (645) is now to be treated with hot, moderately! 
strong alcohol, as long aa anything dissolves. In thiaa 
way, the whole of the augar, together with a littles 
saline matter and alcohol-extractive, is dissolved. ThM 
alcoholic solution ia to be evaporated to dryneas on a | 
water or chloride-of-calcium bath, and the dry residue, 
having been accurately weighed, is incinerated; the dif- 
ference between the weight before and after incineration 
will then represent the quantity of sugar, with a little ■ 
alcoholic extractive matter, in the portion of milk em-^ 
ployed. The proportion contained in 1000 parts ia then J 
calculated as in former cases (642). j 

The sugar may be much more exactly determined by; 
means of the alkaline copper-solution, as described a 
(352). 100 grs. of the milk are acidified with bydrc 
chloric acid, heated to coagulate the casein, and filtered ; 
after washing the coagulum once or twice with water, the 
filtrate and washings are boiled in a flask for about an 
hour, replacing the water which evaporates, in order to 
convert the milk-sugar into grape-sugar, since the format J 
20* 



F 

does 
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do« oot fvdace Ui« same proportion of oxide of copper. 
Tbo Tolnme of the liquid ia then made up to 1000 gre, 
and the detcrmiDatioQ proceeded with as in (352). 

647. The proportion of caskin may be estimated by 
adding together the araotint of water, fat, sugar, and 
saline matter, niready ascertained as being present io 
1000 parts of the milk, and deducting the sum of them 
from lOtXl, 

643. The casein may also be approximately determined 
in another weighed portion of milk by acidulating with 
acetic acid, boiling, collecting the curd upon a weighed 
filter, washing two or three timea and drying at 212°, 
From its weight that of the fatty matter contained in ' 
milk (615) shoald be deducted. 
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K 



649. The milk which is secreted during disc 
oaually more or leas raodi6ed in its composition ; i 
slight derangements of the system, and any great mai 
anxiety or sudden eraolion of fear, &c., not uofrequei. 
have the effect of disturbing, in a remarkable manora^ 
the natural character of the secretion. The exact nature 
of these changes is very imperfectly understood. They 
are probably sometimes merely variations in the relative 
proportions of the several constitueata of the healthy 
fluid; at others, and perhaps more frequently, certain 
abnormal matters are formed. 

650. With the assistance of the microscope, we are not 
unfrequentjy able, with great facility, to detect the pre- 
sence of certain morbid products which are not found in 
the healthy secretion. The peculiar form of milk called 
the colostrum, which is secreted during the first few days 
of lactation, has been already mentioned as differing very 

insiderably in microscopic appearance from healthy 
tilk, aud as contaiuing numerous granular corpuscles, 



much larger than the ordinary milk globules (633). Tl 
corpuaeles of the colostrum also show a. tendency 1 
adhere to each other, while the globules of the healthy 
fluid usually float freely about. It occaaionally happens 
that the milk, instead of changing, iu the course of a few 
days, to its more natural condition, continues for a lengt' 
of time to possess the characters peculiar to colostrum 
and has even been observed to change back again to thi^ 
condition, after being secreted for a time in a heaUhyj 
atate. The presence of the colostrum corpuscles (Fio 
70), and the slightly viscid appearance also characteristiiH 
of this condition, may at once be detected under th« 
microscope. I 

651. The presence of pua, which during the fbrmatioifl 
of a mammary abscess often finds its way into the milkJ 
may also be detected under the microscope, by the occur3 
rence of the peculiar pus granules (t'ig- 71). Bloods 
corpuscles, too (461), are also found though more rareii^ 
than those of pus, owing, in most cases, to the ruptura 
of some of the minute bloodvessels with which tb^ 
mammary gland is permeated (Fig. 72.) 



Fig." 71. 



Fig. 72. 
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652. Urea is said to have been found in the milk of' 
women affected by Bright's disease. In addition to the 
strictly morbid products, other substances, especially 
certaia salts, which have been taken into the system either 
in the food or as medicine, appear occasionally to findJ 
their way into the milk, where they may sometimes b^fl 
detected by the proper tests. 
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Ai : jszj if L\t» cn-'tnttrvm if a roa^a. to^ttker writk that of the Healthy 





Coloctrui. 


Wi:,ir .... 


. S2S-0 


>:::'l coii:iti:a«XLtJ 


. 172-0 


Fat .... 


. 50-0 


Cadt^in .... 


40-0 


T^nznr of itilk . 


. 70-0 


saline iE^:ser . 


31 



H«mYth7 
Milk. 

867-6 

112-4 

25-3 

34-3 

48-2 

2-3 



CHAPTER IV. 



THE ADULTERATIONS OF KILE. 



653. It is well known that much of the milk which is 
siippllevl in large towns is almost constantly more or less 
adulterated, and although the substances employed for 
the purpose are in most cases comparatively innoxious, 
it is much to be wished, that some simple and efficient 
test of its genuineness and purity could be devised, capa- 
ble of being applied by those who are unaccustomed to 
experiment. 

654. The chief mode of adulteration practised in this 
country consists in diluting the milk with water, and at 
the same time occasionally removing the cream. To 
correct the bluish color of the impoverished milk, it is 
said that a little annatto is sometimes added. Milk has 
been occasionally found adulterated with gum, flour, and 
starch to conceal its diluted condition, and it is even 
asserted that the clumsy fraud of adding chalk and emul- 
sion of sheep's brains has been detected. 

655. On examining a little of the milk under the micro- 
scope, the peculiar granules of starch and flour may be 
readily seen (Fig. 73a), larger and more oval than the 
milk globules if either of those substances is present; 
and when examined with polarized light, each granule 
will be found to exhibit a dark cross, as shown at b in 
the figure. Should any doubt exist as to their real 
nature, the addition of a drop or two of a solution of 
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iodino will impart to the farina 
color. 



a dark purplev 



^^i^' 



^ f^ 



Gum may be detected by acidulating tbe milk wital 
acetic acid, boiling, filtering ofl:'the coagulum, and mixin 
tbe filtrate witb alcohol, when the gum is deposited nnSj. 
may be recognized by its behavior with water. TbftJ 
presence of annatto would cause tbe milk to a 
brown color on addition of carbonate of soda. 

656. The microscope will also serve to show the pre- 
sence of macerated brain, which may be recognized by 
the occurrence of fragments of nerve and other organized 
structures, not found in pure milk. 

657. The presence of chalk may be still more easily 
discovered, since, owing to its specific weight, it soon 
subsides to tbe bottom of the liquid, where it may at 
once be recognized by its effervescing on the addition of j 
a little dilute hydrochloric acid, 

658. We have no chemical means of ascertaining'! 
whether water has been fraudulently added to milk, thafl 
only effect being to dilute it, and render it of poorer* 
quality, which might arise from natural causes. Afl 
knowledge of the specific gravity will not even allow ^ 
113 to decide as to the richness of tbe milk, since the 
abstraction of a portion of the cream, which has a lower 
specific gravity than milk, may be made to neutralize 

- the effect produced by the addition of water; the ten- , 
dency of the removal of tbe cream being to raise thot 
epeeific gravity of the fluid, and that of the addition ofi 
water, to lower it, A specimen of milk, therefore, whiohl 
has been impoverished by the abstraction of its creatal 



283 THB ADCLTBBATI02rS OF MILK. 

and still farther weakened bv the addition of water, may 
Ije made to possess the same specific f^rsLYilj as it had 
when taken from the udder. 

For most practical purposes it is safficient to compare 
the relative volumes of cream furnished bjr equal quan- 
tities of different specimens of milk. This may be readily 
effected by allowing the milk to stand in a graduated 
tube (lactometer) for twenty-four hours, at a moderate 
temperature, and measuring the number of divisions 
occupied by the cream. 

Another method proposed by Daubrawa for the rapid 
determination of the quality of milk consists in mixing 
it with two volumes of alcohol of sp. gr. 0*833, filtering 
off the butter and casein (which may be dried and 
weighed), and taking the specific gravity of the filtrate. 
Every increase of '004 in the specific gravity above 
0'905 (the sp. gr. of the mixture of alcohol with the 
water of the milk) indicates 1 per cent, of milk-sugar. 
For example, if the specific gravity of the filtrate be 
0*922, there would be 4*25 per cent, of milk sugar, for 
0-922— 905= -017, and •017-^-004«4-25. The result 
may be controlled by evaporating the spirit, converting 
the milk-sugar into grape-sugar by boiling with a little 
dilute sulphuric acid, rendering the solution alkaline by 
potash, and determining the sugar by the standard cop- 
per solution (352). 

659. It occasionally happens that the milk exposed 
for sale is the produce of an unhealthy animal. Such 
milk has usually some peculiarity of taste or smell, and 
also a slightly viscid and unnatural appearance ; on being 
examined under the microscope, too, it will probably be 
found to contain pus or mucus corpuscles, or to present 
other appearances differing from those of the healthy 
secretion. 



CHAPTER V. 



659a. The bile conaiata eaaentially of an aqueous solu-fl 
tion of two aalta, known as chelate (or glycocholate) aactl 
choleate {or taurocholate) of soda. It is generally, bu^l 
not always, alkaline. t 

Bile is remarkable, among the aecretiona of the animal 'I 
body, for the large proportion of carbon which it con- ' 
taina. Cholic acid (H0,C,jHj3N0,i) containa 67 per cent., 
and choleic acid (H0,C,jH„N0,3S,) 60'5 per cent, of car- 
boa. There are also present in bile aquantity of mucua, 
to which it owes ita viscidity, a peculiar coloring matter, 
and minute quantities of choleaterine, oleine, margarine, 
and tecithine (a phoaphorlzed fat diacovered in bile by 
Gobley,* and also found in serum), together with chloride ^ 
of sodium, and alkaline and earthy phoaphatea. 

Cholic acid. — To isolate thia acid, the bite is evaporated J 
to dryness, the residue Jried at 250° Fahr. and diges 
in the cold, with absolute alcohol. The coloring matter 
is precipitated from the alcoholic solution by the gradual 
addition of ether, and the clear solution decanted from 
the deposit is mixed with more ether, when it gradually 
depoaita tufts of needles consisting of the cholates of 
potash and aoda. After having been washed with a mix- 
ture of absolute alcohol, with y'oth ether, the cryatala are 
dried in vacuo, dissolved in a little water, and deconi-J 
posed by dilute sulphuric acid, when cholic acid slowly* 
separates in silky crystals, which are sparingly aolubloa 
in cold water, and in ether, but readily in alcohol. ■ 

When cholic acid ia boiled with dilute hydrochlorioj 

[s. 241. Streaker has recnntlj discovered | 
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a.v ]. it &5%«:!n:lates the elements of water, and is decom- 
pv^.l ir.to choloiiio acid and glycocine (or sugar of 

C^ :.ie%r.L Ct : I oidic acid. Glycocine. 



■^^- 



HO.C„H^O„ 4- HO=C«H,,0, + C^H^NO^. 

C\:\:c cr'L — This acid is not nearly so abundant in 
the b.le a^ the precedinsr. In order to obtain it, the bile 
is nyixed with water, an^l acetate of lead added to separate 
the mucus, the cholic, and the fatty acids. From the fil- 
tered l:.|uii. the color is removed by adding tribasic 
aoe:a:e o:' lead till the precipitate is white, and after fil- 
imtion. the choieic acid is precipitated by adding more 
tribasic acetate o*^ !ea I and ammonia. The lead salt is 
dissolvevi in alcohol, f.ltered, reprecipitated by water, and 
vUvomposevl by sjlphurettcvi hydrogen. The solution 
filteiwl from the sulphide of lead is evaporated, when it 
leaves the choloic acid. 

Whoa boilevi with acids, choleic acid is decomposed, 
with the concurrence of the elements of water, into a 
new acid, and a peculiar crystalline body called taurine : — 

Ch '.olc »v-.i. ChoUIic acid. Tanrine. 



7I;\ v:\ which has also been found in the kidneys and 
in the lungs of the ox, is conspicuous among organic 
substances, for the large amount of sulphur which it 
contains \^2o*6 per cent.). It may be prepared in quan- 
tity by mixing bile with hydrochloric acid, filtering it 
from the mucus, and boiling for some hours. The clear 
liquid having been poured ofi^from the resinous deposit, 
is evaporated to a small bulk on the water bath. The 
solution is drained fromthecrvstalsof chloride of sodium, 
and mixed with six volumes of alcohol. On standing, 
prismatic crystals of taurine are deposited, and may be 
recrystallized from water in order to purify them. It is 
insoluble in absolute alcohol and ether, and not very 
soluble in cold water. It mav be identified bv the odor 
of sulphurous acid when a crystal is heated on platinum 
foil. 

Colori7ig matter of bile. — Two coloring matters have 
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been obtained from bile, one of whicb, hiliverdine, i 
easily soluble io alcohol, whilst hlliphadne diaaolvea with ' 
difficulty. In order to separate them, Brucke recom- I 
menda that the bile be well ahakea with chlorororm, 
which extracts the biliphffiine. On evaporating the chlo- 
roform, and treating the residue with strong alcohol, ths 1 
coloring matter ia left in red crystals, which maybe, 
purified by waahing with alcohol ana ether. If bilipbEeine I 
be dissolved in carbonate of soda, the solution oxidized 
by exposure to air, and neutralized with hydrochloric 
acid, a precipitate of biliverdioe is obtained. 

In Bright's disease, it ia said that albumen and urea 
have been found in bile. 

Sugar forming subslnrtce in ike liver. — If a fresh liver 
be cut into thin slices, heated with a email quantity of 
water, the solution filtered, evaporated to a small bulk, 
and mixed with a large excess of glacial acetic acid, a 
white flocculent precipitate is obtained which has the 
composition C, H,|,0,o* (Kekul^). This substance, which 
resembles starch in some of ita properties, aa well aa ia 
its corapositioQ, baa been called animal amyloid, kepatine, 
and glycogens. Like starch, it is converted into grape- 
sugar when boiled with dilute acids, but it gives a dark 
brown-red, instead of a blue color, with iodine. It dia--' 
solves in water, giving a strongly opalescent fluid which i 
is precipitated by alcohol. Sugar ia also found in the 
decoctiou of liver, but it ia doubtful whether it exists in 
the organ during life, or results from a post-mortem con- 
version of the glycogene. This substance has also been 
obtained in the milky fluid resulting from the injection 
of water into the liver in preparing it for the ordinary I 
of inje'ition. 



* AuoordJDg to PoloQse, CuH,|0,|-|-HO. 
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CHAPTER VT. 



JUICE OF FLESH. 

Ir a few pounds of finely divided flesh be digested for 
a sbort time in cold water, and afterwards well squeezed 
in a muslin bag, a reddish acid* liquid is obtained, cob- 
taining a little blood, together with the constituenta of 
titejw'ct o/JUsh, viz^ albumen, kreatine, kreatinine, sar- 
oioe, inosite ; lactio acid, butyric acid.t phosphoric acid, 
in combination with potash, lime, and magnesia ; and 
chloride or potassium with a little chloride of sodium. 

/Creatine (C,lIjNjOj,2Aq). To extract this substance, 
the above infusion is heated in a water-bath until the 
whole of the albumen is coagulated ; it is then strained, 
and mixed with baryta-water until it is alkaline to tur- 
meric paper. The precipitate (phosphates of baryta, lim^ 
and magnesia) is filtered off, and the solution evaporated 
to a syrup. After standing for a few days, it will de- 
posit prismatic crystals of kreatine, which may be puri- 
fietl by recrystatlizatiou, with the use of a little animal 
obaro<ial. 

1000 parts of beef yield about 07 of kreatine, 1000 
parts of cod-fiah, IS parts, and 1000 of fowl about 3 
parts. Human flesh is said to be particularly rich in 
kreatine. 

Kreatine has no alkaline reaction, but is capable of 
forming crystalline sails with acids. It dissolves in 76 
paria ot cold, and in much less boiling water. It is very 
alighlly soluble in alcohol, and insoluble in ether. 

A pure solution of kreatine will not give any preeipi- 
lato with solution of chloride of zinc, but if the solution 

* iQMttlinii to Du Buis Rejmcmd, th« jaioe of Ihe fleeli i« natura.11; 
Ui*llu«, bnl bttconai >aid letj spesdil; tfter death. 
L,t BobwwbMkluronndfortnioaiidaoetiaaaldsiiithejmceoffleali. 
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be previously boiled for some time, kreatinine is formed, 
whiuh yields, with chloride of ziqc, a granular crjatalliue J 
precipitate ; — 



C.HjNjO, — SHO = C,H,N,0,. 

The converaioQ is much accelerated by the addition of I 
a little hydrochloric or sulphuric acid. | 

If kreatine be dissolved in water aad boiled with 10 
parts of crystallized baryta, as long as any ammoaia ia 
disengaged, it yields a new base, sarcosiiie, which may be 
obtained in prismatic crystals by saturating the solution 
with carbonic acid gas, boiling to precipitate the excess 
of baryta, and evaporating the filtered liquid to a small . 
bulk : — 



The urea, which is the other productof this decomposition 
of kreatine, ia decomposed by the ebullition with baryta 
into carbonic acid and ammonia. 

Kreatinine. If the liquid from which the crystals of 
kreatine were deposited be mixed with a strong solution 
of chloride of zinc, and set aside, crystals of the compound 
of kreatinine with chloride of zinc will be separated. The 
preparation and properties of kreatinine have been de- 
scribed under the head of urine (30(i). 

Sarcine {C^^'il^^fl^. To obtain this base, the mother- 
liquor from the crystals of kreatine is diluted, and mixed 
with a dilute solution of acetate of copper. The precipitate 
is washed, suspended in water, and decomposed by 
Bulphuretted hydrogen ; after filtering from the sulphide 
of copper, the solution is gently heated on a water-bath 
to expel the excess of sulphuretted hydrogen, and boiled 
with hydrated oxide of lead to remove the coloring matter. 

Afler another filtration, sulphuretted hydrogen is again 
passed through the solution, the sulphide of lead filtered 
off, and the filtrate evaporated to a small bulk, when it 
deposits crystals of sarcine. 

This substance, like kreatine, is a weak base, forming 
salts with acids. It is much leaa soluble in water than 
kreatine, requiring 300 parts of cold and 73 parts oE 
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water. Il is much more sparingly soluble in 

TTie composition of sarcino is the aame as that of hy 
intliiue, aootbcr basic eubstunce which has been found 

llie spleen. 

Inosiu (0,^„0,^4Aq). This substance, as well as inork 
acid (HO,C,eIi,N^O,o) does not appearto be bo invariabljr 
preeent in the juice of flesh as kreatine is.* In order to 
extract it, if present, from the molherliquor after the 
BiaparatioQ of the kreatine, dilute snlphuric acid is added, 
in quantity exactly Eiifficienl to precipitate the baryta, 
nnd the filtered liquid is well shaken with ether, which 
removes the lactic acid. To the aqueous liquid, alcohol 
is then added in successive portions; the first additiuu 
causes a precipitation of sulphate of potash and other salts, 
and afier separating these and a further addition of 
alcohol, small crystals of inosile are deposited. 

This body is remarkable for its sweet taste, sod For 
having, when dried at 212°, the aamecomposition as grape- 
sugar dried at that temperature (C,jH ,0,^. It diners 
from that substance, however, in not reducing the oxide 
of copper in alkaline solution to the state of suboxide, and 
in not giving a brown solution when boiled with potash. 
Neither can it be made to undergo the vinous fermen- 
tation, Inosite is readily dissolved by water, but is 
insoluble in absolute alcohol and in ether. It is said to 
exist to the extent of | per cent, in unripe beans. 

LacUcadd (2HO,C[jH,oO|o). The lactic acid extracted, 
03 described above, by Plher, from the juice of flesh, is 
commonly called sarco-lactw acid, to distinguish it from 
ordinary lactic acid obtained by the fermentation of milk- 
sugar (621). Although the properties of both varieties 
of lactic acid in the free state are similar, their salts are 
not precisely bo. The sarco-lactate of zinc has the formula, 
2ZnO,C,jn,„0 15,4 Aq, whilst the ordinary lactate of zinc 
contains 6Aq. Again, the sarco-lactate of lime is 2CaO, 
C„H|oO,|„«Aq, and the ordinary lactate, which is also the 
more soluble in water, contains lOAq. 
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The lactic acid ia obtained byevaporatiog tbe ethereal 
Boliition, as a syrupy acid liquid, which does not crystalliza, 
and 13 best chfiracterized by boiling it with a few zinc- 
filings, when the lantate of zinc will be formed, which 
deposits in eparingly soluble crystailioe crusts. 

Butyric acid {llO,Q^fi^. By acidulating the mother- 
liquor from the kreatine with sulphuric or hydrochloric 
acid, and distilling, a very dilute solution of butyric acid 
is obtained. The acid maybe identified by its odor of 
rancid butter, and in order to obtain it in a pure state, 
the acid distillate from a large quantity of flesh must be 
neutralized with baryta and evaporated, when butyrate 
of baryta crystallizes out. By dissolving this in a little 
■water and adding just enough sulphuric acid to precipitate 
the baryta, a concentrated solution of the acid may be 
obtained. By introducing into this, in a tube, fragments 
of fused chloride of calcium, the butyric acid is separated 
and rises, as an oily layer, to the surface, whence it may 
be drawn oft' and purified by distillation with a little 
more chloride of calcium. 



CHAPTER VII. 



BBCTION I. 

General Characters of Mucus. 

6ti0. IIkaltht mucus, which ia secreted by the mucous 
membrane with which the internal surfaces of the several 
parts of the body are covered, is a semi-fluid viscid sub- 
stance, the general appearance of which is well known. I 
It is sometimes so thin and limpid as almost to resemble / 
water in appearance; while at othera.and morecommonly,.f 
it ia tough and extremely teuacious, becoming stringy | 
when attempted to be drawn out. When thin and watery, 
it is nearly transparent and colorless ; the more viscid 1 
21* 
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fonn«, howerer. being tarbid or opaque, a od nsuallrof 
n pnle yfllfiwishorgrayiBhcoIor. It is generally alkalioij 
lo lesi paper, insoluble in water, and somewhat heavier 
than thai fluid ; ao that when placed in water it gradnally 
pinka to Ibo bottom, unless it la bnoyed up by entangled 
nirbubbles. The niucwa obtained from the several parts 
or (he bo<ly differs considerably in appearance, and prob- 
ably also in chemical composition. When dry it is bard 
and friable, resembling horn in appearance ; the dry mass, 
on being digested in water, gradually swells up, and par- 
tially renswiimes its former appearance. 

tittl. When mucus is examined under the microscope, 
with a power of alwsut 200 diameters, it is fouud to con- 
tain numerous round or oval granular corpuscles, together 
with epithelial scales (Kig. 5), entangled in a more or less 
viscid fluid, to whicli latter the peculiar tenacious cha- 
racter of mucus ap|>ears to be due. Mucus, therefore, 
consists of two distinct portions: the solid corpuscles 
with epithelial scales, and the fluid with which thuy are 
surrounded. Under favorable circumstances, and with a 
high magnifying power, the fluid portion appears to be 
filled with extremely minute molecular particles, the 
nature of which is not clearly understood. 

602. The size of the mucus corpuscles varies con- 
siderably, the average diameter being about n^'oo'b of 
an inch. Their surfaces are granular, similar to those of 
pus; and when treated with dilute acetic acid, the ex- 
terior covering loses its granular appearance, and becomes 
transparent, rendering visible from one to five internal 
nuclei. The same efttict is produced by diJuteoxaJic and 
tartaric acids ; but the dilute mineral acids cause little or 
no change. 

663. Mucus appears to contain in its composition the 
following substances: mucus corpuscles, epithelial scales, 
mucin, traces of extractive matters and fat, sometimes a 
small trace of albumen, and saline matters; which latter 
consist of alkaline chlorides and lactates, phosphate of lime, 
and traces of carbonate of soda. The Wiwcm, to which the 
peculiar tenacious character of mucus appears to be due, 

insoluble in pure water, and is probably held in solu- 

in in the fluid portion of the mucus, by the small 
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excess of alkali usually present ; it separates in the form 
of a white tioagulum when mucua ia treated with water, 
and still more completely when neutralized with dilute! 
acetic acid. The minute traces of fat found in raucas| 
probably exist in the corpuscles, though the exact chemi- ^ 
cal nature of these is by no means clearly ascertained. 



Quanlilalive Analysis of Mucus, 

B64. The quantitative determination of the principal] 
constituents of mucus may be made in the follow" 
manner. The mucua intended for analysis ia first divided 
into two portions, A and B ; the first, A, beingabout one- 
quarter, and the second, B, about three quarters of the 
whole. Both portions are to be weighed in counterpoised 
capsules, that containing A being a platinum, and eva 
porated to dryneaa on a chloride of calcium batb, at i 
temperature of about 220°. 

665. Trmlmeiit of the pmiion A. — Thia portion, after! 
being dried until it ceases to lo'ie weight, is to be accu- j 
rately weighed. The weight of the dry residue gives! 
the amount of solid matter in the quantity of mucus! 
evaporated, while the loss represents the amount of Wateb.! 

6tj6. The proportion of these and the other ingredients, | 
contained in 1000 parts of the mucua, may in each case J 
be estimated by the following circulation ; — 

(Weight of) f Wt. of aacli oon- 1 f Proportionoftbatl I 

bflforeeva. [ ' 1 in tbe quantity of f ■■""^■1 tained in 1000 f 1 
poratioD. J |_ mu<iu3 eniployijil. J [ parts of mucua. J I 

667. The dry residue is then to be incinerated at i 
low red heat, until the ash becomes white, or nearly so 
The weight of the ash will then represent the amount of 1 
SALINE MATTER in the quantity of mucus used; fronr»l 
which the proportion present in 1000 parts may be calca-l 
lated as before (ttd6). 

6ti8. Treatment of ike portion B. — The dry residue left J 
after evaporation (G64), is to be removed from the caps 
and reduced to fine powder in a mortar. It is then 
boiled with succcBsive small portions of ether, wluaK ■ 
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dissolve mil the Tut (515). The ethereal solution is eva- 
porated to ilrviietM on a water*bath, when the weight of 
tlic residue will indicate the amount of fat in the quan- 
tity of mucus employed ; from which the proportion in 
lobo parts may \ye estimated as before (666). 

6<>9. I'lie residue which proved insoluble in the ether 
{^iQ'i) is to be boiled with a little alcohol, after which the 
alcoliolic solution is to be evaporated to drynesSi and the 
dry residue weighed. This is then incinerated, and the 
weight of the ash, deducted from that of the dry extract, 
will give the amount of alcoholic extractive, with the 
lactic aeid of the lactates, in the quantity of mucus used; 
whieh may be corrected, as before, for 1000 parts (666). 

670. The portion of the residue which proved insoluble 
in the aIci)hoI (0(39) is to be dried and weighed ; the weight 
indicating the amount of MUCIN, together with cellular 
matter, and probably traces of albumen, in the quantity 
of mucus employed; from which the proportion present 
in 1000 parts of mucus may be calculated, as in the 
former cases (660). 

671. According to Nasse, the composition of fresh pul- 
monary mucus is as follows: — 

Water 955-520 

tiolid constituents 44*480 

'Mucin, with a little albumuu . . . 23*754 

Water extract 8*006 

Alcohol extract 1*810 

Fat 2*887 

Chloride of sodium ..... 5*825 

ISulphate of soda 0*400 

Carbonate of soda • 0*198 

Phosphate of soda 0*080 

Phosphate of potash, with traces of iron . 0*974 

Carbonate of potash 0*291 

Silica, and sulphate of potash ... 255 

SECTION III. 
Morbid Mucus. 

672. The characters of mucus secreted during disease 
are usually more or less different from those of the nor- 
mal secretion, and an admixture of foreign matters fre- 
quently alters its appearance considerably. Pus, for 
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instance, wten mixed with it, diniiniafaes its tenacity, 
owing to the mucin being present in smaller proportion 
(663); and when the liquid portion of mucus coniaining 
an admixture of pus is tested for albumen (25i, 667), a 
considerable amount of that substance may usually be 
detected; since the luiuor imris, or liquid portion of pus, 
contains a comparatively large quantity of albumen, bat i 
no mucin. Our means ofdetecting the presence of minute i 
traces of pus in mucus are very imperfect ; the decided 
presence of albumen in the purulent secretion is, indeed, 
almost the only test, since the microscopic characters of 
the corpuscles appear to be very similar (249). 

673. The morbid mucus expectorated in pulmonary 
disease frequently contains, besides pus, red blood cor- 
puscles, minute globules of fat, fragments of tuberculous 
matter, and other abnormal substances, most of which 
may generally be detected without difficulty under the 
microscope. Theinilicationsafforded byacareful micro- 
scopic examination of such expectorations, indeed, may 
ollen lead to results in diagnosis, of great importance 
the practical physician. 



CHAPTER VIII. 



General Charactera of Pus. 

674. Pes is the peculiar semi-fluid matter which is 
formed in ab.'^cesses, and in other kinds o!' wounds. In 
common language, a cousiderable variety of substances, 
more or less resembling each other in appearance, though 
differing in many respects, are included under the name 
of pus; and hence it has been found necessary to distin- 
guish the normal secretion by the name of true or genuine 
pus : the other substances being called s/juriOiisor/a&epTw. 

675. Normal pus is a thick creamy-looking fluid, per- 
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- 1 : -f. 1- ! ^i^ii-'.y of a pale jellov or greenish 
.: :v.s>e*c*es .:::.e ?t a.> teaacitj, and may conse- 



.«::. ; :f > :--: :- ser^nie drops: in which respect it 
:> fs.-f-:± r :r?r.^ -ucus, which, in color and 
.-. -.-,.. 1' -.i-i - :: ,.:-er. much neaemblea Its specific 
wr. . : .- > I. .A ./ i:vui V)60 or 1033, so that it sinks in 
'- -:er i:. : : *:.ixen ip w:ih rhai fluid, mixes uniformlj 
^ "*•: •-. T"^ rr.:x:ure. ar^er standing a short time, 
j:r.. ::,:•.- :-. >-.i5-^ i ^ed men:, consisting of Dus-oomua- 
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pus-oorpua- 
:: .5 ::. ^; ivmmoaly neutral to test paper, 
•.:vu> : a'.!/ r.iei with slightly acid or alkaline. 
r'uK'. :..^^- :.-.:. :.s : —s consists ot* a clear fluid portion 
or scr.:... ::. -a-::./! d:i: innumerable minute granular 
L* r:->:;. ?, * ':../- li::er appear to be almost precisely the 
Mine ii< :':.. >e c- r.:a:r.e.i in mucus* and when examined 
umlcr iho :r.:.^r->oope, exhibit the same granular appear- 
ance. Tile livjid portion of pus. or liquor puris, how- 
ever, ditVers essentially from that of mucus, and contains 
ihe f'ullowing sul^tances in solution, which, it will be 
hecn, an; nearly the same as those held in solution in the 
wruni of the MxhI |^5i>S) — viz., albumen, together with a 
pei'iiliar cijinpound called pyin, or tritoxide of protein 
(wliii-li is .s«.)luble in water, and precipitated by acetic acid), 
lat, cli«)li'.<terin, extractive matters, and inorganic salts.* 
These latter consist, for the most part, of chloride of 
sodium, with small quantities of phosphate, sulphate, and 
earluinate of soda; the chlorides of potassium and 
eahMurn; flIlosI)hatl.^sand carbonates of lime and magnesia; 
iinil f raees i»r (leroxide of iron. 

«577. The presence of these matters in the liquor puris 

may Ix^ nhown by placing some pus in a tall narrow 

^?Im?j4, and allowing it to stand, in order to give the cor- 

piiHi'les fiinn to subside; after which, a little of the clear 

Ii'ini'i may i>o lirawn ofl' with a pipette. On boiling a 

W'w dropH %\( (his in a test-tube, the albumen becomes 

I'oMiMilaied, and s(»paratos from the liquid: after which 

till' pyiM may l>e thiMwn clown in the form of a white 

iloei'iiliMif |MeeijM(a(o, by adding a little acetic acid.f The 

* \ ••«.««.» i'',..H,,N«*,> h.in n\u\ Imhmi found iu pus. 
' \ \ '^y in |M^«i'i|Mi.ih>il [\y i<liliiii«i<i of iiioroiir/ and hy acetate of 
^ > ) II li>. ii 1-1 t>iM ilii« i< m«i \\ Mil iiiiii>{ii. 
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liquid may then, if necessary, be tested for the several^ 
joorganic salts above enumerated (676, 490). 

678. The pus-corpuacles, though quite invisible to the 
Baked eye, may be distinguished under the microscope 
with a magnifying power of from fifty to one hundred 
diameters; a considerably 
higher power, however, is re- ^is- ''4. 
quired for exhibiting their 
peculiar granular structure 
(Fig. 47, a). The size of thesa 
corpuacles varies considerably, 
being commonly about m'soth 
of an inch in diameter. They 
are nearly spherical ; and have 
a very pale yellowish color, 
which is scarcely perceptible, unless several of them are 
aggregated togetiier. Being slightly heavier than the 
liquor puria with which they are surrounded, they 
gradually subside to the bottom, leaving the fluid portion 
nearly clear. Minute globules of fat may usually 1 
detected, mixed with the corpuscles. 

679. The pu a -corpuscles, when treated with liquids of J 
different densities, exhibit the phenomena of endosmosiaC 
and exosmosia, aomewhat similar to those already I 
described as taking place in the corpuscles of the blooal 
(456); increasing in size when the external liquid, suoh-J 
as pure water, is of lower density, and collapsing when'f 
it is of higher density, than the fluid contained in them.r 
When treated with dilute acetic acid, the external cover- ' 
ing becomes transparent, and exhibits one or more ^ 
internal nuclei (Fig, 74, b). 

680. When mixed with a solution of ammonia or pot- j 
ash, pus loses its fluidity, and assumes a jelly-like appear- 
ance, which is highly characteristic, and is employed to 
distinguish it from mucus, which becomes less tenacious 
than before when treated with alkaliea. A somewhat 
similar e&'ect is produced also by the alkaline carbonates, 
and certain other salts. 

681. Although the general appearance and characters I 
of pus are usually sufficiently marked to enable us to j 
identify it, it is always advisable, in cases where : 



^ 
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duabt oxiets, lo aubmit it to micRiscopical examinotion; 
iiinoe Dccasionally we meet with fluids cootainiag a larga 
quantit; n( epithelium and other products, which, in 
appearance, closely resemble pas, though differing entirely 
in composition from that substance, and containing do 
trace of the characteriatic pus-corpuscles (678). The form 
of the corpuscles is found to vary considerably under 
certain pathological cooditiona; but there may generally 
bo traced Bufficient resemblance to the normal corpuscles 
to enable us to distinguish them from other matters. 
The modes of distingnisbijig between pus and macus, 
have been already noticed in paragraphs 248, &c. 

AHla. Blue pus. — In certain rare coses, the bandages 
upon which pus has been discharged assume a blae 
color. By treating them with water, and agitating the 
aqueous solution with chloroform, Fordos has extracted 
ft blue crystalline coloriug matter, which he calls pyoey- 
anine. It is soluble in water, alcohol, and ether; its 
color is changed to red by acids, but the blue is rest orad 
bjf alkalies. ' 

SECTION II. 

Quantilative Analysie of Fuf. 

682. Tho quantitative analysis of pus may be madi 
ihu following manner : Two portions of the fluid i 
ba weighed out; the first, A, in a small counter[ 
flask ; and tho second, B, in a counterpoised or weij 
evaporating dish. 

683. TVetilmenl of the portion A, — The portion A, al 
being weighed in a flask, is to be boiled with succesaiva 
small qimntitics of strong or absolute alcohol, which 
must be separated while hot, either by filtration or 
docaiitiition, from the insoluble portion. The alcoholic 
aolutiiiii ia then set aside to cool, and allowed to stand 
a few hours, in order that the fat may, for the most part, 
orystallizo out. The cold alcoholic liquid is then poured 
oil', and tho Nolrd matter dried and weighed; when the 

light thus ohtnint'd will represent the amount of fat 
n liie quantity of pus oniployed in the experii 
• 6fi. Tho cold alcoholic liquid (6t3) is 
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eviiporateil to dryness, on the water-bath, in a count 
poised platinum capaule, and tho dry residue, after being | 
weigheil, is ineinerated. The weight of the ash is then f 
ascertaioed, when the difference between the weight ] 
before and after incineration will represent the quantity , 
of EXTRACTIVE MATTER (together with traces of fat which 
had not separated from the cold alcohol), in tho portion 
of pus employed. 

685. The residue which proved insolable in the boiling 
alcohol (683), is to be dried on a water-bath, and then 
boiled with a little water, which will dissolve out the 
pyin, and at the same lime cause the coagulation of the 
albumea. The aqueous solution thus obtained is to be 
separated from the insoluble portion; evaporated to dry- 
ness in a plutinum capsule on a water-bath; and the 
weight of the dry residue having been noted, it is to be 
incinerated. The difterence between the weight of the 
dry residue previous to incineration, and that of the in- 
organioash, represents the amount of PYIN in the portion 
of pU3 used ia the esperioiQiit. 

6B6. The matter which remained insoluble in the hot 
water (685), is now to be dried and weighed. The dry 
residue is incinerated; and the loss of weight which it 
experiences during incineration will show the amount of 
ALBUMEN AKD COKPUSOLES in the quantity of pus operated 

687, Treatment of the portion B. — The weight of this , 
portion having been noted, it ia to be evaporated to dry- i 
nesH on a chloride-of-caiciura hath, at a temperature of 
about 220°, the heat being continued until it ceases to 
lose weight on being weigiied at intervals of half an hour 
or an hour. The loss of weight during the evaporation 
will then represent the proportion of water in the 
quantity of pus employed; while the weight of the dry 
residue shows the amount of SODD MATTER, i 

688, The dry residue ia now to be incinerated in a ' 
platinum capsule or crucible, until the ash becomes white 
or pale gray. The weight of the ash will then show the 
amount of inorganic saline matter in the quantity of 
pus used in the experiment. 

689, The proportion of the several constitueute ti-^^- 
22 



254 



GENERAL CHABACTKBS OF BONE. 



tained in 1000 parts of pus, may then be estimated from 
the numbers obtained in the above experiments, by the 
following calculation : — 

r Wt. of each I f Proportion of that 1 

: i ooDBtitaent >• : : 1000 : i oonstitaent in V 

[ obUined. J ( 1000 parts of pns. ) 

690. From the analysis of Dr. Wright, the composition 
of pus appears to be as follows : — 



{ 



Wt. of pus 
nsod in the 
experiment. 



Water 

Fatty matter 

Choleaterine 

Maous 

Albamen . 

LactateR, carl>onate8, and 

phosphates of soda, pot 

ash, and lime. 
Iron 
Loss 



■I 



Puflfrom 

ft TOmlCA. 

894-4 
17-5 I 
5-4 f 
11*2 

68-5 

9-7 

a trace. 
3-3 

1000-0 



Pds fh>ina 
Pat from a psoas nammary 

abaeeas. 



abscess. 
885-2 

28.8 

6.1 
63-7 

13-6 



2-7 
1000-0 



879*4 
26-5 

83-6 
8.9 

1-6 
1000-0 



CHAPTER IX. 



BONE. 



SECTION I. 



General Characters of Bone. 

691. The color, texture, specific gravity, and general 
characters of bone, differ very much in different parts of 
the body ; and the proportions of the several chemical 
ingredients are also found to vary considerably. The 
two principal constituents of bone are cartilage* and 

* Called ossiihe bj Fr^mj, who states that it contains the same 
proportions of carbon, hydrogen, nitrogen, and oxygen as gelatine, 
into which it is convertible with a facility which is inversely as the 
age of the animal. ' 
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phospbate of lime (SCaO.PO,) ; tlia proportion of the I 
former being usually about 20 lo 3± per cent., and that ' 
of the latter from 50 to 60 per cent, of the entire bone. 
The other subHtancea, which are present in smaller quan- 
tity, are, carbonate of lime (CaO,COj) ; phosphate of 
magnesia (SMgO.POj) ; fluoride of calcium (CaF) ; solu- 
ble soda salts, chiefly chloride of sodium ; traces of the 
oxides of iron and manganese; and fat; which latter, , 
however, does not belong strictly to the bone, but to the i 
marrow contained in it. The presence of these several 
substances may be demonstrated by the following experi- 
ments. 

692. The cartilaginous matter of bone may be obtained 
almost entirely free from the saline and other ingredients, ■ 
by digesting a bone for a day or two, at a temperature i 
act higher than about 50°, in dilute hydrochloric acid, J 
composed of about one part of the strong acid and five I 
parts of water. The earthy and saline matters gradually 1 
dissolve in the acid, leaving the cartilage unaffected, and I 
slill retaining the e:tact foroi uf the bone. In tbis state \ 
it is soft and elastic; becoming, when dried, hard, some- 
what brittle, and horny in appearance. 

693. If the cartilage be boiled for some time in water, 
it wiU almost wholly dissolve, being converted into gela- 
tine (the glutin of some writers), leaving undiaaolved 
nothing more than a delicate network of vessels. The 
aqueous solution thus obtained becomes, unless very j 
dilute, gelatinous on cooling. 

694. The fat may be separated by boiling a few frag- 
ments of crushed bone with ether, and evaporating the j 
ethereal solution; when the fat will be left behind as a 
residue. ] 

695. The phosphate of lime and phosphate of magnesia 
may be isolated by dissolving a fragment of calcined 
bone* in dilute hydrochloric acid, and supersaturating 
the acid solution with ammonia; which will throw down 
a white gelatinous precipitate of the mixed earthy phos- 
phates. If this precipitate be examined under the micro- I 

* A large pi^oa of bona may bu butut iu a clear fire till perfeetly 1 
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scope, it will be founil to be chiefly composed of amor- 
phous particles of phosphate of lime, mixed with a small 
quantity of the crystnlline double phosphate of ammonia 
aad magnesia (2MgO,NH,0,PO,4-12Aq), showing the 
presence of phosphate of magnesia. 

696. The presence of carbonic acid (carbonate of lime) 
may be proved by the effervescence which ensues when 
a fragment of uncalcined bone is moistened with dilute 
hydrochloric acid. If the solution, filtered from the pre- 
cipitate of earthy phosphates (695) be tested with oxalate 
of ammonia, it will be found still to contain a conaidar- 
able amount of lime, which existed in the bone bs carbon- 
ate; since that portion only of the lime was precipitated 
by the ammonia, which was in combination with phos- 
phoric acid. 

6SJ7. If calcined bone, reduced to powder, be boiled 
for some little time in a test tube or glass flask, with a 
little rather dilute sulphuric acid, consisting of about 
equal parts of the strong acid and water, the inner sur- 
face of the glass will generally he found to be slightly 
corroded, owing to the disengagement of hydrofluoric 
acid (HF) by the action of the sulphuric acid on (he 
fluoride of calcium. C8.^+I{O,S0,=CaO,SO^ + RW. 
This substance, however, does not appear to be invaria- 
bly present in bone, and some observers have been unable 
to detect it. 

698. The presence of chloride of sodium may be showa 
by boiling a little calcined bone reduced to powder with 
water, filtering from the insoluble earthy portion, and 
testing a few drops of the aqueous solution with nitrate 
of silver, which will give an abundant precipitate of the 
chloride (AgCI). By concentrating the rest of the solu- 
tioQ to a small bulk and testing it on platinum wire in 
the blowpipe flame, a yellow color will appear, showing 
the presence of soda. 

699, A little sulphate of soda may also be detected, 
by means of chloride of barium, in the soluble portion 
of calcined bone, though no trace of sulphuric acid is to 
be found in it previous to calcination ; being produced, 
during ignition, by the oxidation of the sulphur con- 
tained in the tissues. 




3 OF UONE. 



Quanlitalive Analysis of Bone. 

700. About three hundred grains of the bone inteodeil 
for analysis should be first cleaned from adhering fat, 
periosteum, and other impurities, and then reduced to 
tolerably small fragments either by crushing or rasping. 

701. Treatment of the first portion. — One hundred grains 
of the bone are to be dried in a counterpoised platinum 
capsule or crucible, on a cbloride-of-calcium bath, at a 
temperature of about 250°, until it ceases to lose weight 
on being weighed at intervals of half an hour or an 
hour. The loss of weight which it experiences during 
desiccation represents the percentage of water. 

702. The dry mass is now to be incinerated ia the 
capsule at a low red beat, until the whole of _the organic 
matter is burnt away, and the ash becomes throughout 
perfectly white. The weight of this ash gives the per- 
centage of iNORGANjc MATTER contained in the bone; 
while the loss during incineration represents the per- 
centage of ORQASic MATTER, The inorgauic residue may 
then be digested in dilute hydrochloric acid, and retained 
lor subsequent examination (70fi). 

703. Treatment of the second portion. — A second portion 
of the crushed or rasped bone, weighing one hundred 
grains, is to be digested for a day or two, in cold dilute 
hydrochloric acid, containing one part of the strong acid 
to five or six of water; the whole being kept at a tem- 
perature not higher than about 50°, as otherwise some 
traces of the animal matter of the bone would be acted 
Upon by the acid. The whole or at least by far the 
greater portion of the inorganic matter is thus dissolved, 
and when the acid liquid has been well washed out of 
the insoluble residue by means of cold water, little will 
remain but the cartilaginous matter of the bone. 

704. The cartilaginous residue is to be dried on a 
water-bath, and then boiled with a little ether, which 
must be poured o£^ and renewed, if necessary, until all 
the fat is dissolved. The ethereal solution is then evapo- 
rultd to drynusa in a counterpoised capsule ou a wuter- 
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bath; when the weight of residue will give the percent- 
age of KAT in the bone. 

705. The matter which proved inaoluble in the ether 
(704), conaisting chiefly of cartilage, with traces of Inor- 
ganic matter, is now to be dried on a chlorido-of-calcium 
bath, at a temperature of about 250°, weighed and in- 
cinerated. The difference between the weight of the dry 
residue before and after incineration, will then represent 
the percentage of cabtilaqe in the bone, 

706. The ash left after the incineration of the first 
hundred grains of bone (702), ia now to be dissolved in 
moderately dilute hydrochloric acid ; a gentle heat being 
applied if necessary. The acid solution is then slightly 
supersaturated with ammonia, which will throw down the 
phosphate of lime, together with the small quantity of 
phosphate of magnesia and fluoride of caScium; as well 
as any traces of peroxide of iron and oside of manganese 
that may he present. The precipitate is to be well washed 
filtered, dried, and ignited; after which its weight will 
represent the amount of bone earth, consisting of phos- 
phate OF LIME with PHOSPHATE OF MAGNESIA, and 
FLUORIDE OF CALCIUM, in one hundred parts of the bone. 

707. If it ia required to determine separately the pro- 
portion of phosphate of magnesia, the ignited precipitate 
(706), after being weighed, ia to be redisaolved in dilute 
hydrochloric acid; the acid solution is then mixed with 
an excess of perchloride of iron {Fe^CQ and supersatu- 
rated with ammonia. The phosphoric acid of the earthy 
phosphates is thus precipitated in combination with per- 
oxide of iron, together with any excess of uncorabined 
peroxide of iron, leaving in solution the chlorides of 
calcium and magnesium.* The lime (chloride of calcium) 
is first precipitated by adding oxalate of ammonia (Na^ 
0,G^O,) as long as it causes a precipitate, boiling the 
mixture, and filtering. The filtered solution is then 
concentrated by evaporation, and the magnesia thrown 
down by adding phosphate of soda {2NaO^HO,PO^ and 
B decided excess of ammonia. The mixture is allowed 
to stand for some hours, after which the precipitated 

• Tlin procesa describeii in parngraplis 1)8-71 will gire more exact 
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double phospbate of ammonia and magnesia (2MgO,NH^ 
0,P0,+ 12Aq) 13 to be Altered, dried, and ignited, bj 
which it 13 converted into phosphate oF magaesia ('2Mg 
0,P0,), and weighed. This weight will represent the 
amount of phosphate of magnesia in the 100 grains of 
bone; which, when deducted from the whole earthy 
phosphates (706), will give the percentage of phosphate 
OF LIME, 

101a, General method of defermiiiing phasplioric acid.' — 
Since phoaphoric acid ia a constant component of the 
inorganic parts of the solids and fluids of the body, it ia 
necessary to be able to determine it directly in all casea. 
The opportunity may be taken of applying the following 
process (Chancel) to the determination of phosphoric acid 
in bone. Ten grains of the bone aah are dissolved in 
nitric acid with the aid of heat. The solution is diluted 
and a little nitrate of baryta added, to remove sulphuric 
acid; nitrate of silver is then added, without previous 
filtration to precipitate the chlorine. The filtered solu- 
tion is treated with sulphuretted hydrogen, and the 
liquid filtered from the sulphide of silver is heated until 
no more sulphuretted hydrogen is perceptible. A solu- 
tion of nitrate of bismuth (BiO^SNO,) ia then added, and 
the precipitate of phosphate of bismuth (BiOa,POj) ia 
collected upon a filter, washed with boiling water, ig- 
nited in a porcelain crucible (the filter being barnt sepa- 
rately) and weighed. The following proportion then 
gives the phosphoric acid: — 



30B : 71 : i Weight of precipitate r r 

708. The solution filtered from the precipitate of 
earthy phosphates (706), containing the portion of lime 
which existed in the bone as carbonate, ia now to be 
treated with oxalate of ammonia as long as any precipi- 
tate is produced. The whole of the lime is thus separated 
as oxalate {GnO, Cfij+ 2 Ai]), which, after boiliug the mix- 
ture, is filtered, dried, and ignited,* The oxalate is cou- 

• Sue paranrapU G9. 
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Fig. 75. 




verted during tbe ignition, into carbonate {Ca 0,00 J, ro 
that the weight of the ignited precipitate will represent 
the amount of cahbonate of lime in the hundred graina 
of bone. 

709. As a check upon the estimation of the carbonate 
of lime, the amount of carbonic acid in the bone niaj be 

determined by placing 100 graios of the 
nnburnt bone in fine powder, in a flask 
o, provided with a desiccating tube b, 
containing fragments of chloride of cal- 
cium (Fig. 75). A test-tube (c) contain- 
ing hydrochloric acid is then placed in 
the flask, and the whole apparatus is 
weighed ; after which the acid is allowed 
to flow gradually upon the powder, from 
which it will expel the oabbonic acid. 
The amount of the latter which, being gaseous, escapes 
in a dry state through the chloride of calcium tube d, is 
then represented by the loss of weight which the appa- 
ratus with its contents experiences during the experi- 
ment (337). It will probably be found that the carbonic 
acid thus determined, bears to the carbonate of lime 
(708) the proportion of 22 to 50, those being the atomic 
weights of carbonic acid and carbonate of lime respect- 
ively.* 

710. The solution filtered from the oxalate of lime 
(708), which contains the soluble salts (chiefly chloride 
of Bodiura), together with the excess of oxalate of am- 
monia employed to precipitate the lime, is now to be 
evaporated to dryness, and the residue ignited in order 
to expel the ammoniacal salts. The weight of the resi- 
due, after ignition, will then represent the percentage of 
SOLUBLE BALINE MATTEB. 

711. The following analyses will serve to illustrate the 
percentage composition of bone both of man and some of 
the lower animals. 

* To obtain na esact reanlt bj lliia proaess, the flask slionld be 
fnrnUhud with a narrow tubs e, dipping loto the liquid, ttept closed 
duHug the evolntiou of gaa ; at the ooQBlus!i)ri of the espxriiuenl the 
tulw aliould he opened aod air slowlj aaclied through the drjiug-tnlii* 
b at iuvg OB the weight a! the apparatus diiuiuiahtm. 
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Analysis I. (Von Bibra.) 
Showing ihe CompaaiUon of the Bonet of a Child lao months old, 

Fhoaphata of lime, with a little Baoride ) ^'-^4 r(!-<t^ 

of calciara ) 

Carbonate of limo .... 6-02 (!-nT 

Phosphnte of magnesia ■ ■ . 1'03 I'OO 

Bolable Baits 0-73 1-65 

Cartilaga* 33'96 34-92 

Fat 0-82 I'Ol 

AnaiysisII. {Von Blbra.) 
Composition of the Bones of a Middle-aged Man. 

Feinnr. Tibia. Humerm. Cosla. 
Phospliate of limel 

witli a little Buo- > B9-G3 68-95 B9'87 fi5-fi6 

ride of OKloium . ) 

Carbonata of lime . 7-33 7-08 7-76 6-64 

PliofiphateotmagnoBta 1-32 1-30 1-OH 1-07 

Sninblu salts . . 0-R9 0-70 0-73 U-fja 

Citrtilaga . . . 29-70 30-43 39-28 33-97 

Fat . . , . 1-33 1-55 1-28 2-04 

Analysis III. iBernetius.) 

Composition of Hainan Bone. 

FhoapliatB of lime 61-04 

Fluoride of calcium 2-00 i 

Carbonate of lime 11'30 

FhoHphete of magnesin l-l<i 

Soda, with a little uhloride of sodium . . . 1-20 

Cartilage 32-17 

Vefisala 1-13 

Analysis IV. (Fon B.Vo.) 
Composition of the Bones of the Lower Animals. ' 

Fhosphate of lime 1 

with a little Buo- V 65-94 B4-07 C4-37 D9-30 

ride of oalcinm . j 
Carbonate of lime 12-18 12-71 12-00 10-C9 

Bolnb!.! aalta . 0-BO 0-80 0-70 0-40 

Cartilage . . 29>68 29-09 27-99 27-21 

Fat . . . 0-70 1-91 3-11 0-70 

* Aooording to Frf my, tbft parcentago composition of tliis portion oi 
bone is 

Carbon . ~ . , . . 49-21 

Hydrogen C-SO 

Nitrogen 17-8li 

O.jgen 25-H 
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Vertebra 


Homerus 


Vertebra 


Vertebra 






of dolphin. 


of thrush. 


ofsn&ke. 


of salmon. 


PhoRphate of lime 


) 










with a little flno- 


[ 


52*51 


62*65 


59-41 


36-64 


ride of calcinm . 


s 










Carbonate of lime 




9-37 


6-05 


7-82 


1-01 


Phosphate of mag- 
nesia 


} 


0-98 


0-90 


1-00 


0-70 


Soluble salts 




1-24 


0*84 


0-73 


0-83 


Cartilage 




33-97 


28-02 


24-93 


21*80 


Fat . . . 


• 


• • 


1-54 


6-11 


38-82 






SECTION in. 










Morbid Bone, 







712. Certain diseases are found to be always accom- 
panied by remarkable changes in the chemical composi- 
tion of the bones ; the earthy matters being sometimes 
so deficient, that they no longer possess the rigidity and 
strength necessary for sustaining the weight of the body. 
Other variations also are occasionally met with, a few 
examples of which are subjoined, the composition being 
calculated upon 100 parts. 

Analyses of the Tibice of three Rachitic Children, (Z^Amann.) 



I. II. 
Phosphate of lime .... 32-04 26*94 


III. 
28-13 


Carbonate of lime .... 4*01 4-88 


3-75 


Phosphate of magnesia . . . 0*98 0-81 


0-87 


Chloride of sodium . . . 0-21 0-27 


0-28 


Soda 0-54 0-81 


0-73 


Cartilage 54-14 60-14 


58-77 


Fat 5-84 6*22 


6-94 


Analyses of Bone in Osteomalacia, (Prd'sch,) 




Vertebra. 


Costa. 


Phosphate of lime 13-25 


33-66 


Carbonate of lime 5*95 


4*60 


Sulphate of lime and phosphate of soda . • 0*90 


0-40 


Cartilage 74-64 


49*77 


Fat 5-26 


11-63 


Analyses of Carious Bone. ( Valentin,^ 




Vertebra of a 




man aged 20. 




Phosphate of lime .... 33*914 


34-383 


Carbonate of lime . . . .7*602 


6-636 


Phosphate of magnesia . . . 0*389 


1*182 


Chloride of sodium .... 3-157) 
Carbonate of soda .... 0*118 j 


1*919 


Organic constituents .... 54*830 


55-880 
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Annlyii! of mcroiic B'me of a Middle-aged Man. { Fon Dibra.) 
Pliospliate or lime nith a little flaotide of oaloium . 72-63 

Carbonete of lime 4-03 

PboB|ihiLte of magneeia 1*93 

Bolable salts 0-61 

Carlilflgo 19'58 



CHAPTER X. 
EXAMINATION OF MIXED ASIMAL FLUIDS. 

713. On account of the great number and variety of 
organic substances which may enter iuto the composition 
of such a mixture as we are now considering, it is alto- 
gether impossible to lay down any general and consecu- 
tive scheme of experiments, which shall comprise all 
even of the more commonly occurring organic compounds. 
All that I shall attempt, therefore, in the present chapter, 
is to describe very briefly the methods of detecting the 
presence of a few of the substances which are most fre- 
quently met with in organic liquids, and which are of 
the most practical importance to the pathologist and the 
physician, 

714. The color, consistence, and general appearance of 
the fluid should be first carefully observed, as the pre- 
sence of many substances, such as blood, mucus, fat, 
fibre, &c., may often be readily detected, even with the 
naked eye. Should any solid or semi-solid matter be 
held in suspension in the liquid, or be found as a sedi- 
ment at the bottom, it should be separated, either by 
decantation, or by filtering through fine muslin or paper. 

716. The matters thus separated from the fluid may be 
reserved for examination under the microscope, and also, 
if necessary, with other tests. The following substances, 
among others, may in this way be readily detected : — 
muscular fibre and other organized tissues; epithelium 
(328) ; mucus and pus granules (329) ; fat and milk glo- 
bules (325, 632, o33) ; infusoria of several kinds ; besidea 
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various amorphous and cryatalliae substances, many of 
which may at once be recognized by their peculiur form 
and appearance (315 — 3JJ2, &c.). 

716. The liquid may first be tested with litmus and 
turmeric paper, sioce the behavior of several of the sub- 
stances about to be noticed, with reagenta, will be found 
to vary according as the liquid containiug them ia acid, 
alkaline, or neutral. 

717. The specific gravity may also be ascertained, 
when it can conveniently be done, as a knowledge of the 
density of the fluid will serve to furnish some indication 
of the amount of solid matter held in solution (279). 

Fibrin. 

718. When fibrin, in the soluble state, is contained in 
a liquid, it gradually undergoes spontaneous coagulation, 
and separates from the solution, forming a more or less 
firm coagulum or jelly : and if other matters are held in 
suspension in the liquid previous to the coagulation, they 
are usually entangled in it — a familiar instance of which 
is afforded by the coagulation of blood (473). The more 
important peculiarities of fibrin have already been noticed 
in paragraphs 472 to 481. 

Albumen. 

719. When albumen is suspected to be present in so- 
lution, the clear liquid is to be gently boiled for a few 
minuLea ; if coagulation takes place, and if the precipitate 
thus occasioned does not disappear on the addition of a 
few drops of nitric acid, albumen is present. If the mix- 
ture is alkaline, it should be neutralized with nitric acid 
previous to boiling, since any excess of alkali would tend 
to retain the albumen in solution, and thus prevent the 
coagulation. For further particulars respecting albu- 
men, and its behavior with reagents, see paragraphs, 133, 
235, 466, &c. 

Casein. 

720. Casein may be recognized by its forming a wbite 
curdy precipitate, when the solution containing it is neu- 
tralized or very slightly supersaturated with acetic acid. 
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It rediasolves, however, if the acid be added in decided 
excess. If tliB liquid is slightly acid to test paper, casein 
hardly need be looked for, since it is not soluble in acid 
solutions, unless the acid is present in considerable excess. 
It may be distinguished from albumen by not coagu- 
lating when heated; it forma, however, a thin, insoluble 
pellicle on the surface when exposed to the air while hot 
— of which a familiar example is aftbrded in the skin of 
boiled milk. If casein be dissolved in acetic or any other 
acid, it is precipitated on the addition of ferrocyanide of 
potassium, thus resembling the other modifications of pro- 
tein (626). 

Pyin. 

721. This substance, which appears to be identical with 
the so-called tritoxide of protein,* and ia consequently 
closely allied to the other protein compounda (iTH), may 
be recognized by its throwing down a precipitate with 
acetic acid, which does not redissolve in an excess of the 
acid. A solution of alum also causes a white precipitate, 
insoluble in e.tcess ; in which respect pyin differs from 
glutin and chondrin (725, 726). Unlike most of the pro- 
tein compounds, it is not precipitated by ferrocyanide of 
potassium. 

Pus. 

722. When pyin has been detected in a liquid, it is 
not improbable that, on examination with the microscope, 
the peculiar pus granules (678) will also be found to be 
present, since pyin ia one of the characteristic constituents 
of the fluid portion of pus (676). The principal charac- 
ters of this aubstance, together with the modes of ita de- 
tection, have been already described in paragraphs 153, 
247, 674, &c. 

Mucus. 

723. If much mucus is present, it gives to the mixture 
a more or less tenacious and ropy consistence, which is 
very characteristic. Under the microscope the peculiar 

• This name ia conferred hy Mulder upon tlia Boloble aubfitaiioe 
obtsJned by boiling any of the pruteiu compound* for sereral hours 
with water. 
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mucuB ciirpusclea, as well as the fragments of epithelium 
which usually aGcomjiauy them, will also probably be 
apparent (Fig. 5); and these, in coDJunction with the 
ropiness above alluded to, are generally sufficient eyi- 
dence of the existence of mucus. When present only 
in minute quantity, and especially when mixed with pus, 
it is often extremely dilTieult, if not impossible, to iden- 
tify it with any degree of certainty. {See also paragraphs 
31,99, 210, 660, &cO 

Qdaline ; Cliondrin. 

724. These substances, which are formed by boiling 
the cartilaginous tissues in water, closely resemble each 
other in many respects; and their hot aqueous solutions 
become gelatinous on cooling. Glue, isinglass, and the 
several varieties of gelatine, met with in commerce, are 
all modifications of these principles. Both gelatine and 
chondriu are immediately precipitated, even in very 
dilute solutions, by a solution of tannin. They are not 
precipitated by ferrocyanide of potassium; in which 
respect they differ from the protein compounds. They 
are thrown down from their strong solutions by alco- 
hol, in the form of a white tenacious precipitate; and 
creasote causes their solutions to become turbid and 

725. Oelalme, which is obtained by boiling in water 
for some hours the cartilage of bone, the tendons, skin, 
&c., is characterized by giving with acetic acid a very 
slight precipitate, which readily redissolves in an excess 
of the acid. A solution of alum gives with gelatine no 
precipitate; or if a slight opalescence is occasioned, it 
disappears on the addition of a further quantity of the 
precipitant, 

726. Ohondrin, on the other hand, which is formed by 
boihng in water any of the permanent cartilages, as those 
of the larynx, ribs, Ac, is immediately precipitated by 
acetic acid, and an excess of the acid does not redissolve 
it. Alum, too, causes a precipitate, which, however, 
readily dissolves when the salt is added in excess. The 
solubility of chondrin in a solution of alum serves to dis- 
tinguish it from pyin (721). 
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Blood. 

727. The color whit;li it imparts to any Hquid with 
which it is mixed, is usually almost sufRcient evidencs 
of the presence of blood, uolesa the quantity ia very 
small. The red eorpuacles may also, in most cases, be 
detected under the microscope, more or leas altered in 
form and size by the action of the fluid io which they 
flrtat (456, 583). When biood ia present, albamen also 
will be found dissolved in the liquid, unless it has been 
previously coagulated by heat or otherwise ; it may ba 
detected by the application of heat, antf nitric acid, ia 
the manner described in paragraphs 235, 236, ko. 

Biliary Mailer. 

728. Biliary matter, if preaent in any conaiderablo'J 
quantity, generally couimuaieatea a more or less decided i 
brown or yellowish color to the liquid, and alfjo a pecu- 
liar bitter taste. It may be identified by means of Hel- 
ler's and Pettenkofer'a tests, described in paragraphs 149 
and 151. If these fail to detect, it in the fluid, a little of I 
the latter may be evaporated nearly to dryness on a 
water-bath, and a strong aqueous solution of the residue 
tested as before. 

Urea. 

729. This substance may be detected in organic liquids j 
in the following manner: The portion of the organio | 
mi.tture intended for the examination, ia evaporated to 
dryness at a gentle heat on a water-bath, and the dry 
reaidue treated with alcohol, which will dissolve out any i 
urea that might be preaent, together, probably, with some i 
other of the matters with which it ia associated. The ] 
alcoholic solution is then evaporated to dryness, and the 
dry extract digested with a very small quantity of mode- 
rately warm water; which will readily dissolve out the 
urea. The aqueous solution thus obtained is then mixed, 
after filtering, with pare nitric acid, in the manner de- 
Bcribed in paragraph 16, and then cooled by means of a i 
freezing mixture; wheu, if urea ia present, delicate crya- 
tala of the nitrate (Fig. 2) will gradually appear.* Whea 
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the quantity of urea is very smalt, the microscope may he 
employed to detect any traces of the crystalline nitrate, 
and some other precautions must be observed, which 
have beea described in paragraphs lEJl, 181, 341, &c. 

Kreatine. 
729n, For the detection of kreatine in an organic mix- 
ture, the solid portion should be divided as finely as pos- 
sible, the whole dried upon the water-bath, and digested 
with hot alcohol. The alcoholic solution having been 
pressed out, is evaporated to dryness on the water-bath, 
ttie reaidue treated with water, the solution precipitated 
by acetate of lead (not added in excess) and filtered. The 
filtrate is saturated with sulphuretted hydrogen, to pre- 
cipitate the lead, and the solution separated from the 
sulphide of lead is evaporated to a syrup and set aside 
for some days, when kreatine will crystallize out and 
may be recognized by the characters described above, 
especially by converting it into kreatinine and obtaining 
the cryatalline precipitate with chloride of ziua. 

Inoiite. 
729&. The presence of inosite may be ascertained (in 
an aqueous infusion of bullock's lung, for example), by 
acidulating with acetic acid, coagulating the albumen by 
heat, and precipitating the filtered liquid with acetate of 
lead. The filtrate from this precipitate is mixed with 
tribasio acetate of lead, which will throw down any ino- 
site if present. The precipitate is suspended in water, 
decomposed by sulphuretted hydrogen, the liquid filtered 
from the sulphide of lead, evaporated to a very small 
bulk, mixed with four volumes of boiling alcohol, filtered 
if necessary, and set aside for twenty-four hours. If no 
crystals of inosite have then been deposited, ether is 
added by degrees until a permanent milkiness is pro- 
duced on agitation. The liquid is again set aside, when 
inosite will crystallize out, and may be identified by treat- 
ing it with ammonia and chloride of calcium, and slowly 
evaporating to dryness, when a rose color will be pro- 
duced. 
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Fat. 



730. Wlien any considerable amount of fatty matter 
is present in an aqueous mixture, it may be readily de- 
tected with the naked eye, and atill more delicately under 
the microscope, by the appearance of oily or fatty glo- 
bules floating on thesurfiiee. When, however, the quan- 
tity is very small, or, owing to other circumstaocea, no I 
appearance of fat is to be seen; a little of the mixture ■ 
suspected to contain it, is to be evaporated nearly to dry- 
ness on a water-bath, and the residue digested with a lit- 
tle warm ether, which will readily dissolve any traces of 
fatty matter that may be present. On evaporating the 
ethereal solution on a water-bath, the oil or fat will ba , 
left as a residue, and may be identified by its possess 
the weli-known physical characters of fatty matters (ISS)*. ' 

731. The saponifiable fats moat commonly met with 
in Htiimal fluids are, oleine (C[,jH, 5,0,3), atearine (C„^n„„ 
O,,), margarine (C,o,H,o,0,j), and butyrine. The deffree 
of hardness or of oiliness, and the temperature to which 
the fatty matter requires to be raised before it raelta, 
serve to furnish some indication as to the relative amounts 
of the solid stearine and the oily oleine. Butyrine may 
generally be detected by the peculiar smell which it gra- 
dually acquires, resembling that of rancid butter, 

Cliolesterin and Serolin. 

782. If either of these substances are present, they ] 
will have been dissolved by the ether (730), together with I 
any other fatty matters that may be contained in the j 
liquid. They may ba separated from the other fata by I 
digestion with a solution of potash, which will dissolva ] 
out the saponifiable fata, and leave the choleaterin and j 
serolin unaffected (596), These may be distinguished 1 
from each other by their difierent fusing points, that of 1 
choleaterin being 293°, while that of serolin is as low I 
as 9T^ 

Milk. 

783. The well-known physical characters of milk ara I 
generally sufficiently apparent to lead to its detection, 1 
unless largely diluted with other matters. When any ] 
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doubt exists as to its presence, a drop of the liquid may 

be examined under the microscope fur the mill; globules 
(632) ; aod the clear liquid, aller filtration, may be tested 
with acetic acid for casein (623) ; the existence of which, 
in any fluid, is strong evidence of the presence of millt. 
The residue left by evaporating the liquid to dryness, 
may be tested for fat also, by digestion with warm ether, 
and evaporating the ethereal solution on a water-bath 
•,780). 

Sugar, 
784. The most convenient test for the presence of 
igar is that known as Trommer's, which has already 
been fully described in paragraphs 122 to 124. Mau- 
men^'s (125), and the fermentation test (128), may also, 
in many cases, be employed with advantage; and, indeed, 
it is always more satisfactory to confirm the results of 
Trommer's experiment, by applying also the fermenta- 
tion test ; since the suboxide of copper may be sometimes 
produced by certain other organic substunces, even when 
no sugiir is present. If the sugar is present only in very 
minute quantity, it may be advisable to evaporate the 
liquid to dryness on a water-bath, and redissolve the 
soluble portion of the residue, including the sugar, in a 
small quantity of hot water, in the manner described in 
the process for detecting sugar in the blood (fiOS), The 
strong aqueous solution may then be examined by 
Trommer's, Maumen^'s and the other tests. 

735. Wheu cane sugar is auspecled to be present, the 
solution should first be boiled for a few minutes with 
dilute sulphuric acid before the application of Trommer's 
test, in order to convert it into grape sugar; since the 
cane variety does not otherwise produce the same char- 
.aoteristic results. 

Ammonia. 
786. This substance, which is so constantly to be met 

■ with in animal fluids, as one of the results of the decom- 
position of nitrogenous compounds, may be readily 
detected, even when present in vsry small quantities, 
A portion of the liquid is mixed in a teat-tube with a 

"little caustic potash, or, still belter, with caustic baryta 
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(note to 88), and warmed. The ammonia, if present, is 
thus disengaged, and may be detected by tlie Rmell, or, 
stil! more delicately, by holding at the mouth of the tube 
a glass rod moistened with dilute hydrochloric acid, when 
white fumes of chloride of ammonium will be distinctly 
visible, 

737. If the ammonia ia present only in minute quan- 
tity, a little of the suspected liquid may be mixed with 
a few drops of dilute sulphuric acid, in order to fix the 
ammonia, and then concentrated by evaporation at a 
gentle heat on a water bath ; the concentrated liquid may 
then be supersaturated with potash or baryta, and exa- 
mined in the manner above described. 

Uric (or Liihic) Acid. 

73fi. When an organic mixture is suspected to con- 
tain uric acid, it may, if free from albuminous matter, be 
acidified with a few drops of hydrochloric acid, and 
allowed to stand a short time. The uric acid will gradu- 
ally separate in the form of minute crystals (20), which 
may be examined under the microscope, and also tested 
with nitric acid and ammonia, in the manner described 
in paragraph 23. If any albuminoas matter is mixed 
with the liquid, the latter is to be evaporated to dryness 
on a water bath, and the residue digested with a dilute 
solution of caustic potash. The alkaline solution is then 
supersaturated with a decided excess of hydrochloric 
actd, which will throw down the uric acid in the form of 
a crystalline precipitate. If the quantity is small, a drop 
of the liquid may be mixed with the acid on a strip of 
glass, and examined for the characteristic crystals under 
the microscope (318). 

738a. Another process, which ia sometime.'* more con- 
venient than the above, consists in mixing the solution 
with acetate of lead as long as it yields a fresh precipi- 
tate, filtering, and adding tribasic acetate of lead. On 
standing, urate of lead will be precipitated, which must 
be washed, suspended in water, and decomposed by sul- 
phuretted hydrogen. The solution is boiled, filtered from 
the sulphide of lead, and evaporated to a small bulk. On 
cooling, crystals of uric acid are deposited. 
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739. The principal characters of uric acid, and the 
methods of detecting and estimating it in the urine, have 
been already noticed in the several chapters of Part I. 

Systematic Examination of Mixed Fluids for the Proximate 

Constituents of Animal Bodies. 

Some of the proximate constituents of the solids and 
fluids of the body, such as fibrine and gelatine, are recog- 
nizable by their characteristic external appearance, but 
the greater number give no indication of their existence 
unless specially sought for, so that it is desirable to follow 
some systematic plan of examination in order that they 
may not be overlooked. The solid organs must be di- 
vided as minutely as possible, and digested for some 
time in tepid water. 

The reaction of the liquid to test-papers having been 
recorded, it is acidified, if necessary, with acetic acid, and 
heated on a water-bath in order to coagulate albumen 
which is then filtered off. On allowing the hot filtrate 
to stand for some time, uric acid will crystallize out as it 
cools. The solution is then very nearly neutralized with 
potash, and acetate of lead added, to precipitate sulphuric 
and phosphoric acids, as well as coloring and extractive 
matters; the filtered liquid is mixed with an excess of 
tribasic acetate of lead. The precipitate, which may con- 
tain inosite^ is decomposed by sulphuretted hydrogen and 
the solution evaporated till a portion becomes perma- 
nently turbid when mixed with alcohol, the whole is then 
mixed with an equal volume of alcohol, heated till the 
turbidity disappears, and set aside for a day or two that 
the inosite may crystallize out. 

The filtrate from the precipitate produced by tribasic 
acetate of lead is now mixed with a slight excess of am- 
monia, and any precipitate is collected, decomposed by 
sulphuretted hydrogen, and the solution, after evapora- 
tion, examined for sugar. 

The liquid filtered from the precipitate produced by 
ammonia is treated with sulphuretted hydrogen, filtered 
from the sulphide of lead, evaporated to a small bulk 
upon the water- bath, and tested, with oxalic acid (14), 
for urea. 



MIXED FLUIDS. 

Tlie solution is then evaporated to a syrup, and mixed! 
with moderately strong alcohol to precipitate the oxalates* 
of the aikaliea. The alcohol ia evaporated, the excess of ■ 
oxalic acid removed by the careful addition of lime-water, ■ 
and the Sltered solution evaporated till an equal volume I 
of absolute alcohol renders it permanently turbid, 
then mixed with alcohol and set aside fi>r a day or two,J 
when taurine -wl]\ be deposited in crystals. 

The alcoholic solution is again evaporated on the 
water bath, and if the residue is much colored, it may 
be dissolved in a little water and boiled with hydrated 
oxide of lead, the filtered solution being afterwards 
treated with hydrosulphuric acid to remove the lead, 
and evaporated to a syrup. On allowing this to stand 
for some time, kreallne and leucine* may crystallize out. 
They may be washed with cold absolute alcohol, and | 
identified, the kreatine by its convertibility into krea-1 
tinine, and the leucine by the woolly sublimate which it I 
furnishes when heated in a tube. The mother liquor,! 
from these may contain krmibdne, recognizable bj its 1 
behavior with chloride of zinc. 

• Leucine (CuHuKO^) and tyrosine (C,gF|,Hr>,) liave been delected 3 
in tiie spleen, pauareas, aud liver, and the fnnner also in the longs,*! 
Btid both liave been obdHrved in Ibe arine in diHuaae. TjroainB laf 
idenliSud by digesting it with sulphario auid, dilatiag with naturfj 
heating the solution with carbonate of lime, filtering, and adding pi 
chloride r>r iron, wLioh prodnuea a violet color. Protonilrale of mi 
isMxy gives a red precipitate aud a pink liquid wben added to a hoIq,-^ 
tiiia of tjroalne. 



PA.RT V. 

THE DETECTION OF POISONS IN ORGANIC 

MIXTURES, &o. 



CHAPTER I. 



ARSENIO. 



It is impossible to insist too strongly on the necessity 
for the most careful examination into the purity of all 
the substances employed in the detection of poisons. No 
evidence with respect to the presence of a poisonous 
substance can be regarded as joer/ec/Zy conclusive, unless 
the reagents employed have been tested, in the same 
quantities, and by the same processes, as were employed 
in detecting the poison, without affording any indication 
of its presence. 

Moreover, if any particular substance, though not a 
poison, be detected in the course of the examination, 
with all the bearings of which upon the tests employed 
the investigator is not perfectly familiar, the same series 
of operations should be conducted with that substance, 
to ascertain whether it might lead to error. 

740. Although all, or nearly all, the compounds of 
arsenic appear to be more or less intensely poisonous, I 
shall here allude especially to the detection of arsenious 
acid (AsOg) ; since in the vast majority of cases in which 
arsenic is taken, whether criminally or accidentally, it is 
in the form of arsenious acid, or, as it is often called, 
oxide of arsenic, or white arsenic. The experiments 
which I am about to describe will serve, however, for the 
most part, equally well for identifying the presence of 
arsenic in other forms of combination than that of arseni- 
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oua acid ; so that, if the processes are carefully condncted, ■ 
the risk of any traces of the metal escaping detection ia 

very small, J 

741, When the presence of sulphide (or sulphoret) of 

arsenic (AsSj) is ausjiected, the substance supposed to J 

contain it may be first examined for any particles of 1 

yellow powder ; which, if present, should be mixed, wbea ' 

dry, with a little black flux, or with a mixture of dry I 
carbonate of soda and charcoal, and heatetl in a small 

Germanglasstube, closed at one end ; when, if it consists I 

of sulphite of arsenic, a crust of the metal will appear 1 

in the upper part of the tube (743), If no yellow powder I 

can be deteeted, the mass in which it is suspected to be | 

present is to be treated according to the directions given ' 
hereafter. 



Identification of Arsenioun Acid when unmixed toilh other 
gubatances. 

742. Place a little of the white powder in a smalL I 
tube of German glass, closed at cue end, and beat it | 
gradually in the I3ame of a 
spirit lamp, taking care to warm FEg. 76. 

the upper part of the tube ~ _ 

slightly before heating the ar- H j^— 

aenious acid. If it is arsenious t>4 ^lBk \^BC^ 

acid, it will sublime, and con- ^^ A^^^ 
dense in the upper part of the ^^^»m^^^B? 
tube, forming a colorless crys- A t=^-, ^ El \^^ 
talline sublimate, which, when ^£y ^ .^Jr ^M^ 
examined with a good lens or ^A «^^^ ^W 

microscope, will be found to ^^ im\^^ 

consist of beautiful sparkling O ^ 

octofaedral crystals (Fig. 76). Araenioos Acid. 

The size and regularity of the 

crystals appear to depend on the slowness with which 
the Tapor is condensed. If the surface of the glass on 
which the condensation takes place is quite cold, the 
sublimate is often amorphous, as may be seen by holding 
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a piece of cold glass in the fumes given off by a little 
arsenioua acid heated on charcoal.* 

743. Mix a little of the suspected powder with a large 
proportion of black flux, or of carbonate of soda and 

charcoal, which for this purpose should 
Fig. 77. be perfectly dry, and heat the mixture in a 
small tube of German glass before the blow- 
pipe. If arsenic is present, it will be re- 
duced to the metallic slate, and sublime into 
the upper part of the tube, forming a shining 
metallic crust (a, Fig. 77). The part of the 
lube which contains the crust may then be 
61ed oft', wrapped in a piece of strong paper 
and broken, the fragments oF the crust being 
placed in another tube, and again healed, 
The reduced metal will in this way be re- 
converted into arsenious acid, crystids of which will con- 
dense in the cool part of the tube (742). 

744. Makeasolution of someof the powder by boiling 
it for some minutes with water, in which arsenious acid 
ia sparingly soluble, and apply to separate portions of 
the solution the following tests. {&e also 746 and 74y.) 

(a) Acidify a portion of the solution with a drop or 
two of hydrochloric acid, and pass a current of hydro- 
sulphuric acid gas (sulphuretted hydrogen) through the 
liquid, until it smells distinctly of the gas. If arsenious 
acid is present, a bright yellow precipitate of sulphide 
(AsSj) will be thrown down, very easily dissolved by 
ammonia. 

(i) Add to the second portion of the solution a few drops 
of ammonio-nitrate {AgO,NO^,^NIl^ of silver. If arseni- 
ous acid is present, a canary colored precipitate of arsenite 
of silver (iJAgOjAsOj) will be thrown down, which ia 
Boluble in nitric acid and also in ammonia, 

(c) Test a little of the solution with ammonio-sulphate 
{CuO,SOfiNH^^HO) of copper. This will cause, with 

* For ninch valnable informatian vitli respect to the detection of 
areeuioaa said with tUe aid of the luicioscopa, ne ore indebted to Dr. 
Gay'& mlDutu {iiveatlgationti, au abr^traot of nliicb is given in liia 
^^ciplea of Forensic Mediclae, 2d ediliou. 



arsentous acid, a pale green precipitate of arscaite of . 
copper (2CuO,IiO,As03). 

Marsh's Test. 

745. Ar-range a wide-mouthed bottle, of six or eight 
ounces' capiioity, with tubes aa showu in the annexed 
figure; the tube d being of hard German glass, Plaue 
in it a few fragments of zine, and add a little dilute sul- 
phuric acid, consisting of one part of the strong acid 
to six or eight of water. 
When the hydrogen has F's- 78. 
been coming off about five 
minutes,* apply a light to 
the gaa as it issues from 
the aperture ate, audhokl 
over it, or rather in it, a 
clean porcelain crucible 
lid, in order to prove 
whether any traces of ar- 
senic are contaiued in the 
zinc or acid employed, in 
which case a more or less I 
distinct arsenical stain would be produced. If the ma- 
terials are thus found to be pure, a little of the solution 
of the supposed arsenic is to be introduced through the 
tube b. 

746. Again apply a light to the jet of gaa at e, and 
hold in the flame a clean porcelain crucible lid. If arsenic | 
is present, dark spots of the metal will be deposited < 
the surface of the porcelain, wherever it haa been allowed I 
to enter the flame, A few of these stains may be pre- 
pared and tested in the following manner, in order to 1 
prove whether they really consist of arsenic, and not of 'j 
antimony ; which latter, if present, would produce atains-f 
very similar in appearance to those of arsenic. 

(a) Apply the heat of a spirit lamp to one of the spots. J 

* This interral must be allowed to elapse, in order that the wholi J 
of the oommoii air in the appuratus may be expelled before tliu light 1 
ia applied ; since a mlstaru of hydrogeti aud ooiniuon air is biglilf J 




ir arsenic, it will readily volatilize, and a sligbt smell, 

reaembliog garlic, will probably be perceptible. 

(6) Moisten one of ihe spola with a drop of yellow 
hydrosulphate of ammonia, containing an excess of 
sulphur. If it consists of arsenic it will remain undis- 
Bolvetl for Home considerable time; while if it were 
antimony, it would immediately dissolve. 

(c) Add a drop or two of a solution of chloride of lime 
{GiOGl) to one of the stains. If it consists of arsenic it 
will immediately dissolve. 

747. Hold over the fliime a short wide teat tube (Fig. 
79), so as to collect the fumes of arseoioua acid formed 
during the combustion of the arseniuretted hydrogen. 
The arsenical sublimate may be dissolved in hot wster, 
and the solution tested as described in paragraph 744, 
o, 6, aadc. {Steako 749.) The sublimate formed in the 
tube by antimony, under 



Fig. 79. 



-■o- ■-■ the same circumstances, 

II ^ would, on the contrary, 

^^^L L^ X ?^o^^ (juii-e insoluble in 

^^V LI ^ 748. Apply the heat of 

^^^^ j a spirit lamp to the tube at 

r I the point d (Fig. 78), and 

f , H^ " observe the formation of a 

[l [r dark ring of metallic ar- 

I ' seuic* inside the tube, a 

little in advance of the 

i heated point. The arsenic thus deposited may be vola- 

l tiliaed backwards and forwards in the tube, by applying 

f the heat of a spirit lamp (765, a). If the tube be then 

[ disconnected from the bottle, and the arsenic volatilized 

in it while filled with atmospheric air, the metal will 

gradually become oxidized and converted into arsenious 

acid, crystals of which will appear in the cool part of the 

tube. 

1 For testing very small quantities of a substance sua- 

I * Id conBeqnonoe nf a, aeconrlary deoom posit ion betireen tlie zina 

■ ■ ■ ■ loid (tVnioa anil Gfilis) a little aulpharftltaa liydrog an 

med, wliipli gives riae to a yellow riiig of suliitud^j"" — 
by tbe Bide of tbo luelaUio ri 
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pected to contain arsenic, itiaadvisable to employ a much 
eifialler apparatus (Fig. 80) than that above described. A 
two-ounce bottle may be used, or even a short wide tesl- 
tube capable of containing about half an ounce of liquid. 
The tube through which the gaa escapes should be drawn 
out at the extremity, so aa to form a very narrow tube 
about two inclies long. In such eases it is not advisable 
to run the risk of allowintr any arsenic to escape, on 
which account the shoulder of the tube should be heated 



CS>^ 



with a spirit lamp before the suspected solution is intro- \ 
dnced, when a metallic deposit will l>e formed in thel 
narrow portion of the tube if any arsenic be present. By 1 
employing a long tube constricted at intervals, and heat- 
ing each of the wide portions of the tube, several metallic 
deposits may be produced at the same time, and may be 
made the subjects of various confirmatory experiments. 
When a very small apparatus is employed, the zinc should 
be free, not only from arsenic, but from all other metals, 
Bo that the evolution of hydrogen may be alow aud 
uniform. 

If Marsh's apparatus be immersed in a considerable 
volume of cold water whilst in use, to prevent a great 
rise of temperature, it is not necessary, even in very 
minute testing, to dry the gas, as is sometimes recom- 
mended. 

The metallic crusts obtained in the tube should be 
examined by the following confirmatory tests. 
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(a) Place the piece of tube with the deposit in a small 
hard glass tube, and apply the heat of a spirit lamp ; the 
crust will gradually disappear, and crystals of arsenious 
acid (742) will be deposited on the cooler part of the tube. 

{b) Place the tube and deposit in a little water con- 
tained in a small test tube, and add two or three drops of 
yellow sulphide of ammonia; an arsenical crust should 
not dissolve even on shaking for some little time. Pour 
off the liquid, wash the tube several times with distilled 
water, and add some clear solution of chloride of lime 
(bleaching powder), by which the crust should be dissolved 
on agitation. 

(c) Boil the tube containing the metallic deposit in a 
few drops of pure nitric acid, in a small test-tube; when 
the crust is dissolved, rinse the solution into a very small 
porcelain dish, and evaporate just to dryness over the 
lamp. The residue of arsenic acid (AsO,) which should 
be left, would become moist on exposure to the air for a 
few minutes, would dissolve easily in water, and the 
solution would give a brown-red precipitate of arseniate 
of silver (8AgO,AsO,) on adding nitrate or ammonio- 
nitrate of silver. Should no precipitate be obtained, 
perhaps a little free nitric acid may have been left, in 
which case, a glass rod dipped in dilute ammonia will 
produce the precipitate. 

ReinsMs Test, 

749. Before applying this test, the simplest by which 
minute quantities of arsenic can be detected, great care is 
required to insure the. absence of that metal in the 
hydrochloric acid and the copper necessary for its execu- 
tion. As it is not easy to procure ordinary copper not 
containing a little arsenic, it is better to employ the metal 
deposited by the electrotype process from a solution of 
sulphate of copper which has been carefully purified by 
re crystallization. In order to test the copper and hydro- 
chloric acid for arsenic, the following experiments should 
be mado. 

(1) Mix one ounce of the hydrochloric acid with four 
ounces of water, boil it in a small fiask and introduce a 
small strip of the copper; boil for fifteen or twenty 




ssinsoh's test. 

minutes, and if the copper remain perfectly bright, the! 
hydrochloric acid may be deemed sufficiently pure 

(2) Out a square inch of the copper into small strips 
and heat them in a small tube of hard glass, first with 
the fliime, and afterwards with the blowpipe, to see if any 
crystals, of araenious acid are deposited. 

(3) Cut two square inches of the copper into strips, 
place them in a shallow dish, moisten them with the 
hydrochloric acid, and leave them for some time exposed 
to the air; add a little more hydrochloric acid from time 
to time, until all the copper is dissolved (which will re- 
quire many hours' exposure); pour the solution into a 
small retort, add about half its bulk of hydrochloric acid, 
and distil over about two thirds at a moderate heat, con- 
densing the vapors by passing them through a tube kept 
cool by wet filtering- pa per. Dilute the distilled liquid j 
with four times its bulk of water, and boil it with a stripJ 
of copper, which should remain untarnished if no arsenio I 
be present. 

la this test the arsoDical copper is converted into sub- 
chloride of copper, by favor of the oxygen of the air, 
Cu,+ HCl + 0=Cu,CH-HO. 

The arsenio passes into solution as terchloride (AsCIj) i 
together with the subchloride of copper which is soluble m 
in hydrochloric acid. On distilling, the tercliloride of 1 
arsenic passes over with the acid. 1 

The hydrochloricacid employed in Reinsch'slest should 
also be free from sulphurous acid, which may be detected 
by dissolving a little zinc in the dilute acid, and con- 
ducting the gas into solution of acetate of lead in which i 
a black precipitate of sulphide of lead (PbS) would ba fl 
produced if any sulphurous acid were present, I 

In order to apply this test, acidify a little of the aqua- I 
ous solution of the substance suspected to contain arsenic, I 
with a few drops of pure hydrochloric acid, and boil ia I 
it two or three strips of clean copper foil. If arsenic is 1 
present, it will be deposited in the metallic state* on the I 

* Lippert lias aiioivn tbal thia deposit U not pure metSillia arsenio, I 

bat an alloy noutainiog 32 per cunt. o[ ai'SBiiio aoil tiS of coppur -m 

(Ca,A.). M 

21* ■ 
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surface of the copper, and may be proved to be arsenic 
in the ftillowine manner: — 

(a) Wash the copper strips, and dry them by gentle 
pressure between folds of filtering- paper, or by warming 
them on a water-bath ; when dry, place them in a small 
clean and dry tube of German glass, closed at one end, 
and ap})ly heat, first with the flame alone, and afterwards 
with the blowpipe. The arsenic will volatilisse; and 
btfcoming oxidized while in contact with the air, arsenioos 
acid will condense in the upper part of the tube, forming 
a ervfitiilline sublimate, which may be examined with a 
lens (742). 

(b) Dissolve the sublimate obtained in a in a little hot 
water, and apply to the solution the tests described in 
paragraph 744. If it be very minute, it may be dissolved 
by boiling with a few drops of nitric acid, and tested as 
in 748c.* 

SECTION II. 
Detection of Arsenic in the presence of Organic Matter, 

750. The cases in which arsenic has to be detected in 
the presence of organic matter may be classed under 
three heads, the first including pretty clear and homoge- 
neous liquids, such as beer, milk, and urine; the second, 
such thick heterogeneous mixtures as gruel, pudding, 
and the contents of the stomach or intestines; and the 
third the solid organs of the body, such as the liver, in 
which arsenic is generally to be detected after death by 
poisoning. 

Detection of Arsenic in Organic Liquids which are pretty clear 

and homogeneous, 

751. "When the investigation has any judicial interest, 
the quantity of the liquid should be carefully recorded, 
and every portion which is taken for a separate experi- 
ment must be measured, so that, if the poison be detected, 
the analyst may be able to give an opinion respecting its 
quantity. 

* Arsenic is mnoh more difficult to detect by Reinsch's test when 
in the state of arsenic acid. It then requires long boiling with copper 
in the presence of a very large excess of hydrochloric acid. 



I 



ARSENIC IK OBQAIflO UATTER. 

A portion of" the liquiil mnv then be be aci'Jified 
little pare hv(lry:;hloric auid (the purity of whi(:h hai 
been previously aacerl.ii ned), ami then boileci wilb twi 
or three small strips of tested copper foil. If arsenic ' 
present, it will probably be deposited, in the course of 
few minutes, upon the surface of the copper, and must 
be treated in the manner presently to be described. It 
must not, however, be considered certain that no arsenic 
is contained in the liquid until after boiling the mixture 
for half an hour, or even longer, when, if no stain is 
produced, which, on examination, gives indications of 
arsenic, it may safely be concluded that no trace of the 
metal is present. 

It occasionally happens that a little fatty animal matter 
is deposited on the surface of the copper during thi 
boiling. When this is the case, the cupper should bf 
boiled with a little ether or alcohol, in order to dissolr' 
it, before being exposed to heat in the tube. 

752. The copper strips must now be heated in a ami 
clean and dry tube, closed at one end; when if any 
arsenic has been deposited upon them, a crystalline sub- 
limate of arsenious acid will appear in the upper part of 
the tube. If, on examination with a lens, the sublimate 
is found to exhibit the characteristic crystalline form and 
appearance of arsenious acid (742), there can scarcely be 
a doubt of the existence of arsenic. Proceed farther as 
in 74» {/>). 

753. In most cases, when no arsenic has been thus 
reduced upon the copper, it may be inferred that no 
appreciable amount of that metal is present, but shoulii 
arsenic be detected, the analj'st should, if possible, pr 
ceed to obtain further evidence of its presence by othi 
metliods. 

If the liquid be not very viscid and liable to froth, it 
may be acidulated with a little pure sulphuric acid, fil- 
tered, if necessary, and subjected to Marsh's test (745). 
If frothing should take place to any inconvenient extent, 
a drachm or two of alcohol may be poured down the 
funnel tube in order to arrt^st it. 

In the case of viscid liquids to which Marsh's test can- 
not be applied, it is recommended to evaporate them to 
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a flmall bulk upon a water-hath, to acidif? strongly -wMi 
pure hjdriMibloric acid, and to add chlorate of potash, in 
small quantities, until the liquid tecomea so limpid as to 
admit of filtration. The heat of the water-batb ia con- 
tinued until the smell of chlorine has in grpat meastire 
disappeared, and the liquid, if necessary, filtered. The 
clear filtrate may be tested, either by Marsh's process 
(T-lft), or by electrolysis. 

Eleclrolylic test for Arsenic. — This test depends upon 
the circumstance that when a pretty powerful galvanic 
current is made to traverse an acid liquid containing 
arsenic, arseniuretted hydrogen is evolved at the nega- 
tive terminal, together with the hydrogen of the decom- 
poped water. 



To construct the apparati 



(Fig, 81) for this test, a two 
ounce bottle, with a mo- 
derately wide mouth, 
1^ is selected, and a file- 

Y mark made at a little 

distance from the bot- 
tom, so that it may be 
extended into a crack 
by placing a red-hot 
wire against it, and led 
round the bottle so as 
to cut off the bottom. 
The edges having been 
smoothed with a file, or 
by grinding on a wet 
stone, a pretty deep 
groove is filed round 
the bottle at about half 
an inuh from the edge. 
A piece of wet parch- 
ment-paper* is doubled down over the bottom of the 
bottle, and secured by a piece of stout platinum wire, for 
which the groove has been cut in the glass. A perfo- 

* Parchment pnper is now cniiimanly sold. It mn; bs mnda by 
ioiluer^iiiti; white bInltitig-pHper tor an instnnl iu a cold mixture of the 
stroDtieBt oil of vitriol Willi half its Toluiue ofwaler, Rud rapidly wash- 
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rated cork is iuserted in the mouth of the bottle, provided I 
with a nnrrow i'unoel tube, somewhat driiwu out at iha 
extremity, which should nearly touch the paper dia- I 
phragm, and with a, small tube bent at right angles, 
the exit of the gas. A strip of pklinum foil cut i 
the shape of a spade is secured between the cork aud the 1 
neck of the bottle, so that its broad end, hanging down 1 
within the bottle, may nearly touch the diaphragm, the! 
other end projecting an inch or two beyond the neckoEl 
the bottle. The narrow part of this strip may be about J 
a quarter of an inch wide, and the broader part an inch i 
Bquare. The bottle i3 placed in a cylindrical jar not 
much wider than itself, and not BO flat at the bottom aa 
perfectly to close the bottom of the bottle; between the 
side of the jar and the bottle, a second strip of platinucn 
foil, similar to the above, is suspended, so as nearly to 
touch the bottom of the jar. W ith the bent tube pro- ■ 
Tided for the egress of gas there is connected, by means 1 
of a small caoutchouc lube, a rather thick narrow tube, I 
of very infusible glass, drawn out to s, very narrow point,, J 
about two inches long; this tube must be supported 11 
across the ring of a retort stand. 

The apparatus is charged with a mixture of two ' 
drachms of pure sulphuric acid, and six drachms of 
water, half of the mixture being poured down the funnel, 
and the remainder into the outer jar. The latter is then 
immersed in a. basin of water to prevent too great a rise J 
of temperature, and the two strips of platinum are c 
nected with the terminal wires of a galvanic battery,*^ 
the wire proceeding from the zinc extremity being united 
to the strip within the bottle, and that from the platinum, 
copper, or carbon end with the strip which dips into the 
outer jar. Ten or fifteen minutes having been allowed 
for the expulsion of the air by the hydrogen evolved 
from the platinum in the bottle, a small spirit flame is 
applied to the shoulder of the drawn-out tube, so as to 
heat it to dull redness, at which it should be kept for i 
about a quarter of au hour ; if no ring of arsenic or sul-i 
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lide of arsenic is then visible in the narrow point of 

B tube, showing that the Bul[>liurio acid is pure, the 
solution to be tested for araenic* is poured slowly down 
the funnel tube, care being taken to avoid the introdno- 
tioD of air-bubbles. If much froth should now matce 
ita appearance, a drachm or two of alcohol may be 
poured down the tube. If no deposit of arsenic or of 
(yellow) sulphide of arsenic be visible after tea minatea, 
half a drachm of a strong solution of washed Bulphurona 
acid or of sulphuretted hydrogen is poured in, and the 
experiment continued for another quarter or half hour. 
If any arsenic be present, either the metallic ring of 
arsenic, or a greenisn-yellow iridescent ring of sulphide 
of araenic, or both, will be deposited in the narrow part 
of the tube.f The lamp is then removed, the tabe 
allowed to cool, and that part which contains the deposit 
cut off by a file, and gently warmed in a small test-tube 
with a litile solution of carbonate of ammonia, in which 
the yellow sulphide of arsenic will slowly dissolve. The 
tube, with the metallic portion of the crust, is then 
washed, and tested according to the directions in 748, a 
b and c. 

The liquid which has been subjected to electrolysis is 
aeldom exhausted of arsenic unless a very minute quan- 
tity is present. In order to extract the remainder, the 
solution may be mixed with a large excess of a saturated 
solution of sulphuretted hydrogen, and heated in a covered 
beaker for an hour or two. 

753n. The precipitate of sulphide of arsenic mixed 
with organic matter is collected on a filter, well washed, 
dried, and thrown in small portions into a little nitre 
fused in a porcelain crucible, the filter being cut Id 
pieces and thrown in also. The fused mass (eontaioing 
the arsenic as arseniate of potash), when cooj,ia dissolved 

• If this solalion contains very much free liyiJrochlorio aoid, It it 
AdviSBble lo dilute It with Iwiofl its volama of water. 

t If DO odor af sulpliuretteil bydrogen be perceptible at the oriSoe 
of thij tabe at the end of the experiment, a, little more Hulphnrogg 
acid or BOlphuratted liidrogea should be pourad in, leat the liberftled 
ohIorlDe Bhoald bare traversed the diaphragm and prerented \' 
nolution of ardeiiiurelted Uytlrogeu. 
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in a little water, tlie solution mixed with chloride of am- 
monium and ammonia, filtered, if neceasary, and well 
stirred with solution of sulphate of magnesia. After 
standing for some time, a highly crystalline precipitate 
of areeniate of magnesia and ammonia (2MgO,NH^O,A3 
O,) will separate, which may be collected on a filter and 
washed. 

The araeniate of magnesia and ammonia may be easily 
distinguished from the phosphate which much resembles 
it, by moistening it with nitrate of silver, when itaaaumes 
the characteristic red color of arseniate of silver, whilst 
the phosphate becomes bright yellow. Of coarse it 
might also be dissolved (even after treating it with nitrate 
of silver) in hydrochloric acid, and tested fay boiling 
with hydrosulphuric acid, or by Marsh's test. 

aECTION III. 

Detection of Arsenic in Organic Mixtures containing both'* 
Liquid and Solid Matters; such as the contents o/a Stomach, 

vomiled mailers, &c. 

, 754. When the liquid and solid portions of the i 
ture are found capable of ready separation, either by 
subsidence or filtration, it is generally better to examina 
each of them separately. When this is not the case, sea ] 
paragraph 75 S. 

755. Examination of the Uqvid portion. — Tlie clear 
liquid, after the removal of the solid matter, either by 
filtration or otherwise, is to be examined in the manner 
described in paragraph 751, 

756. Examination of the solid portion* — This should | 
first be examined for any small lumps of arsenioua acid, 
which, in cases of poisoning, are often to be found adher- i 
ing to the coats of the stomach. These should be care- t 
fully picked out, and tested according to the directions . 
given in paragraphs 742 — 744. 

767. The solid or semi-solid organic matter is then to ' 
bo heated on the water-bath with dilute hydrochloric 
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acid containing about one-teoth of the strong acid. A 
part of ibe acid solution may then be boiled with copper 
strips, which are to be dried, and examined for areeniu 
in ibo manner before described (749). The remainder of 
the acid suluLiou may be cxamiued by 753, and the un- 
dissolved solid portions by 761. 

758. When the organic matter is viscid, and incapabU 
of ready separation into solid and liquid poniona (754), 
it may be mixed Vfilh a little dilute hydrochloric acid, 
well stirred together, and boiled ; if the solution thus ob- 
tained be sufliciently thin, it may be filtered, and dealt 
with as in 757, but otherwise it must be treated accord- 
ing to 769. 

SECTION IV. 



759. In medicolegal investigations as to the presence 
of arsenic, it is absolutely necessary in case none of the 
poison can be detected in the stomach and its contents, 
to examine the various tissues of tba body ; siace the 
poison, when introduced into the stomach during life, 
becomes gradually absorbed and diffused through the 
whole system, and may be found in the blood, urine, 
muscles, and viscera, especially the liver. It is therefore 
advisable to examine each of these for the poison ; and it 
should never be concluded, that because it cannot be de- 
tected in the stomach and its contents, none ia to be 
found in other parts of the body. Should the patient^ 
however, survive during several days after swallowing 
the poison, it is possible that the whole of it may be eli- 
minated from the body ; in which case no trace of it will 
afterwards be detected. 

760. If the solid matters to be examined have under- 
gone putrefaction, the an^nious acid may have been 
partly converted into sulphide of arsenic, which ia some- 
times perceived in bright yellow patches, 

761. The solid matter intended for examination* is to 

• The part ef the hoily in wbieh the poison is moet likely to lie 
roond is IUb liver, which Phonid always ba prafBrrifd for tlmiieeipi.ri. 
Dienls. The [lanoreas, kldneja, and iiriue, slioold alno, if iiodHililB, he 
ezamiued, before deciding on tha abnuDCtf of a 
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be cut up and heated o» the water-batb for an hour or 
two with hydrochloric acid, consisting of one part of 
the strong acid to eight or ten of water. The mixture 
ia then filtered through fine muslin, in order to separate 
the more solid matters; and the clear liquid thus obtained 
ia concentrated to about half its bulk, by evaporation on 
the water-bath, and treated as in 751. The undissolved 
solid portions are healed in a porcelain dish, placed upon 
a water-bath, with a mixture of six measures of water 
and one of hydrochloric acid, to which chlorate of potash 
is added in small portions, with constant stirring, until 
the solid has disintegrated, and the liquid is 6t for 61tra- 
tion. The further treatment ia then conducted as in 753. 

If a galvanic battery be not procurable, the solution 
obtained by means of hydrochloric acid and chlorate of 
potash is evaporated to a small bulk, mixed with a strong 
solution of washed sulphurous acid,* until it has a de- 
cided odor of the gas, heated in a flask placed in a 
water-bath, until the odor of sulphurous acid has dis- 
appeared, mixed with a large esc«ss of a saturated solu- 
tion of sulphuretted hydrogen, and digested for some 
time at a moderate heat. The precipitate of sulphide of 
arsenic, which is never pure yellow, bat dingy, from the 
presence of organic matter, is collected upon a small fil- 
ter, washed, and treated as in 7bda. 

The solution obtained by treatment with hydrochloric 
acid and chlorate of potash might also be tested by 
Marsh's or by Reinsch's teat, but, if the solution is at all 
viscous, the frothing is a serious obstacle to the applica- 
tion of the former, and the introduction of copper in the 
latter test unfits the solution for further examination if it 
should be necessary. 

Should it be required to examine for arsenic the orga- 
nic matter left nncfissolved by hydrochloric acid and chlo- 
rate of potash, it may be dried, mixed with five or six 
times its weight of pure nitre, and thrown by degrees 
into a red-hot dish or crucible. The deflagrated mass, 
which would contain arsenlate of potash, is dissolved in 
as little water as possible, acidulated with hydrochloric 
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acid, gently heated, and if cecessary, filtered. Tbe dear 
liquid is mixed with a few drops of solution of sulphate 
of magnesia and a considerable excess of ammonia, and 
after being well stirred, is set aside for twenty-four boars. 
The precipitate will contain the arsenic in the form of 
arseniste of magnesia and ammonia ('2MgO,NHjO,ABO,), 
together with earthy phosphates derived from the organio 
matter. It is collected upon a filter, washed with dilute 
ammonia (pure water dissolves it), and dissolved in 83 
little dilute hydrochloric acid as possible. The solution 
may then be tested either by Marsh's or ibe electrolytic 

761o. Another method which has been found very use- 
ful for separating arsenic from organic matters, consists 
in drying them upon a water-bath, digesting in a covered 
vessel with moderately concentrated hydrochloric acid, 
separating the solid matters by filtralioo, and distilling, 
the acid vapor being condensed in a flask containing 
water. The arsenic is found in the distillate, having 
passed over as lerchlorido of arsenic (AsClJ and may 
be detected by the ordinary tests. 

76lJ, Dekclion of arsenUs of copper in pajier- hangings 
and other fabrics, A very ready method of eSecting this 
consists in soaking tbe fabric to be tested in a little solu- 
tion of ammonia; the blue solution which will be found 
if copper is present, is acidulated with hydrochloric acid 
and boiled with dean copper (7i9). 

SECTION V. 

Quanttlaiive Determination of Arsenic. 

782. The exact determination of the quantity of arsenic 
present in a mixture containing much organic matter is 
attended with great difficulty. In general, a sufficiently 
accurate estimate of the amount may be found by com- 
paring the crusts obtained by Marsh's test with those 
furnished by known quantities of arsenious acid, but 
should a direct determination be necessary, it may be 
effected by a process of which an outline ia here given, 
though without the minuje details of manipulution requi- 
site for perfect accuracy. 
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After having obtained the arsenic hi a state of solution 
by heatiog the organic matter with hydrochloric acid and 
chlorate of potash, as described above, the clear liquid 
is mixed, in a flask, with a strong solution of bisulphite 
of Hoda until it smells very strongly of sulphurous acid, 
even after being hestted for some minutes in a water-bath 
to reduce the arsenic acid { AsO,) to the state of arsenious 
acid (AsO,). The application of heat is continued till 
the smell of sulphurous acid has disappeared, and the 
solution is thoroughly saturated with sulphuretted hy- 
drogen, after which the flask is corked and set aside in 
a warm place for some hours. The precipitate, containing 
sulphide of arsenic mixed with organic matter, is col- 
lected upon a filter, washed, and dried. The dry preci- 
pitate is mixed with about six parts of nitre and six parts 
of dry carbonate of soda, and projected, by degrees, to- 
gether with the fragments of the filter, into a red-hot por 
celain crucible. The deflagrated mass, containing arse- 
niate of potash, is dissolved in a little water, the solution 
filtered if necessary, and mixed with chloride of ammo 
nlum, ammonia,* and sulphate of magnesia. Aller being 
well stirred, it is set aside for twenty-four hours, when 
the arseniate of magnesia and ammonia will have sepa- 
rated as a crystalline precipitate, which must be collected . 
on a weighed filter, washed with dilute ammonia, dried 1 
at 212° and weighed (753a), The quantity of arseuioua ] 
acid is calculated by the proportion, 
2MgO,NH^O.AsOs-fHO. AaO,. 

190 : D9 : : Waiglit of the precipitate : 
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CHAPTER IL 

ANTIMONY. 

763. The form in which antimony is generally met 
with in medico-legal investigations, is the double tartrate 
of antimony and potash (K0,Sb03,C,H^0,,,+Aq), com- 
monly called tartar-emetic or tartarized antimony, which 
is often taken medicinally, and occasionally as a poison. 
It may be recognized by applying to its solution the fol- 
lowing tests. 

(o) Hydrochloric acid, which gives a white precipitate 
of teroxide of antimony (SbO,) soluble in excess. 

(6) Hydrosulphuricacid, in the solution form (a), gives 
a bright orange precipitate. 

(c) Hydrochloric acid and metallic copper (749), on the 
application of heat, will give a purplish black deposit of 
metallic antimony, upon the surface of the copper. The 
latter, when dried and heated in a tube, will not yield a 
crystalline sublimate like arsenic, but may give a white 
amorphous deposit on strongly heating. The deposit is 
dissolved by boiling the strip of copper in a dilute solu- 
tion of potash, and if the solution be treated with sul- 
phuretted hydrogen, filtered from any precipitate, and 
acidulated with hydrochloric acid, the orange sulphide 
of antimony is precipitated. 

{d) Marsh's test (745) will yield metallic crusts of anti- 
mony, as with arsenic, but the antimonial crusts are 
readily distinguished by the following characters. (1) 
They are much less volatile than those of arsenic, and 
are therefore deposited very much nearer to the heated 
portion of the tube. (2) They give no crystalline subli- 
mate when heated in a tube, but, with a strong heat, an 
amorphous sublimate. (8) Antimonial crusts will not 
dissolve easily in solution of chloride of lime ; but (4) 
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they do so at once in yellow sulphide of ammonium, and 1 
if the solution be slowly evaporated, it leaves an orange < 
residue of sulphide of antimony (SbSj). (5) When oxi- 
dized by nitric acid and evaporated, the antiniooial crust 
gives a residue which refuses to dissolve in water and 
produces a dirty gray precipitate with nitrate of silver 
(compare 748 a, b, c), i 

{e) The electrolytic test evolves antimonietted hydro- I 
gen far leas readily than arsenietted hydrogen, most of I 
the antimony being deposited as a black coating upon | 
the platinum plate connected with the zino end of the J 
battery. If the plate be washed, and gently heated with | 
a little yellow sulphide of ammonium, it dissolves the a 
timony and leaves the orange residue when evaporated. 
By pouring a strong solution of hydrosulphuric acid I 
down the funnel-lube at the commencement of the eleo- J 
trolysis, it will entirely prevent the evolution of antimo- 
Dietted hydrogen, whilst it promotes that of arsenietted I 
hydrogen. 

(/) If a solution of antimony, acidified with hydro- 
chioric acid be poured ioto a platinum capsule, or placed 
upon platinum foil (or even upon a gold or silver coin), 
and a strip of zinc (or iron, such as a knife blade) be 
placed in it, a black deposit of antimony will be found ■ 
around the point of contact of the two metals. The de- I 
posit may be tested by placing a drop of yellow sulphide 
of ammonium upon it, and evaporating to obtain the 
orange residue, which should be compared with the resi- 
due left by a drop of sulphide of ammonium alone upon 
the uncoaled metallic surface.* 



Detection of Antimony in the presence of Organic Mailer. 

764. For the detection of antimony in organic liquids I 
and solids, the same methods of proceeding are adopted 1 
as in the case of arsenic (751 — 7bl), the antimony being ' 
recognized by the characters described in 7ti3. 

765. Should both metals be present, they may still be 

* or cDUtaa a aurface of silver would be blaokttned hj the aulpliid^, 



S?4 MKBCrRT. 

ej5vy i.vcte*:. 'ir.Iess ihere was a very great dispropor- 
; >: ^ r«e: * e^2 ibem. br the behavior of the crusts obtained 

7' '^. Eve:: if ose of the metals largely predomiDates, 
:r.* e'.e>::^:'Ti-c xest permits the detection of both; it is 
c: *T rec*5.5firy xo allow ihe electrolysis to proceed for 
£ve or :er. rr!:.'-ies in order to deposit the antimony on 
i': e rer^;:Te i !&ie befone adding the hydrosulphuric acid, 
vr. .h wi'.l s: cnce arnest the evolution of the antimoni- 
c-c^.: b jdrocen. a^d if the reduction tube be changed, a 
iivir «:: of pure arsenic or sulphide of arsenic will be 
oluiiced. 

SECTION IL 
Quariliio^iw Determination of Antimony, 

767. The rexr.arks in paragraph 762, upon the deter- 
r:i::ut;on of the quantity of arsenic will apply also in 
the ca^ of antimony, and precisely the same steps must 
be taken in order to ascertain the amount of the latter 
meial. except that dried nitrate of soda should be used 
instead of nitrate of potash for the deflagration of the 
suli'hide. On digesting the fused mass in the cold, with 
a liiile water, almost the whole of the antimony will be 
left in the form of antimoniate of soda (XaO,SbOJ, which 
must be collected upon a filter, washed with cold water, 
dried, and fused with five or six times its weight of cya- 
Lide of potassium in a porcelain crucible, until the anti- 
irmnj has collected into a globule at the bottom of the 
fusoii mass. The latter is dissolved, when cold, in water, 
ana the metallic button weighed. Each grain of antimony 
currcspoiuls to 2*73 grains of crystallized tartar-emetic. 



CHAPTER III. 

MERCURY. 



768. The most common preparation of mercury, by 
which life has been sacrificed or endangered, is the 




chloride (IlgCl), commonly calleil corrosive aubliiniite ;'l 
the subehloride, or calomel (IlgjCl), the reii oxide (HgO), 
and some of the other compounds, are also sometimes 
administered, either criminally or accidentally, with fatal 
effect, and may consequently have to be looked for by 
the medical jurist. In the process I am about to describe, 
however, any of these compounds will be brought into a 
state of aolution ; after which the mercury contained i a 
them may readily be detected by the proper tests. , 

SECTION 1. I 

Detection of Mercury in Organic Mixtures. I 

769. When the presence of mercury is suspected in an 
organic mixture, such as the contents of a stomach, the 
solid and liquid portions of the matter to be examined 
may be separated from each other, either by filtration or J 
decantation, provided the separation takes place readily; I 
or if this is not the case, the whole of the mixture may I 
be treated with acid, and examined in the manner de-q 
scribed in paragraphs 774-776. ■ 

770. Examinnlion of the liquid portion. — The liqnidj 
portion may be first examined. Acidify it with a feW'B 
drops of hydrochloric acid, and boi! the mixture for al 
quarter or half an hour, with two or three strips of cleanB 
copper foil. If any mercury is present in the liquid, \i% 
will in this way be entirely separated from the solution 
and deposited on the surface of the copper. The latter 
is then removed from the acid liquid, and washed with 

a little dilute solution of ammonia, in order to remove 
from the surface any adhering oxide or subsalt of copper. 
The strips are then dried by gentle pressure between 
folds of bibulous paper,and placed in a small and perfectly 
dry German glass tube, three or four inches long, closed J 
at one end. fl 

771. The heat of a spirit lamp is then applied to th&fl 
bottom of the tube containing the copper strips ; when,fl 
if any mercury has been deposited upon them, it will bsfl 
volatilized by the heat, and condensed in the cooler part of ■ 
the tube, forming a delicate and dew-like ring of minutaj 
globulesofmetallic mercury ; the real natureof whichmay J 
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be at once seen with tbe assistance of a common lens, iCnot 
with the naked eje. 

771a. If the sublimate ia so minute thai the globulea 
are not distinguishable, it may be gently rubbed with a 
glass rod to unite the small globulea. The strip of copper 
may be shaken out of the tube, a very minute particle 
of iodineintroduced, and agentleheat applied to vaporize 
it. The mercurial sublimate will thus he converted into 
iodide of mercury, which is yellow at first, and becomes 
scarlet when rubbed with a glass rod (Lassaigne). 

772. If, in the experiment above described (771), the 
appearance of metallic globules is distinctly visible, it 
will scarcely be neceaaary to apply any further tests to 
prove the presence of mercury, since no other substance 
is capable of producing such a sublimate. If, however, 
any doubt exists as to the nature of the sublimate, the 
following experiments may be made : — 

773. Remove the copper from the tube, and dissolve the 
sublimate in nitrohydrochloric acid ; by which the mer- 
cury, if present, will be converted into the soluble chloride 
{HgQl). Expel the excess of acid by evaporation at a 
gentle heat; and apply to an ai^ueous solution of tbe 
residue, tbe following testa: — 

(a) Solution of iodide of potassium {KT) gives abrilliant 
red precipitate of iodide of mercury (Hgl), which is very 
soluble in excess of the iodide of potassium. 

(i) Solution of potash gives a yellow precipitate of 
hydrated oxide of mercury, which is insoluble ia an 
excess of the precipitant. 

(c) A solution of hydrosulpharic acid (sulphuretted 
hydrogen), or a drop or two of hydrosulphate of am- 
monia, forms at first a white precipitate, consisting of a 
double compound of chloride and sulphide (2HgS,HgCl), 
which, unless the precipitant be added very sparingly, 
almost immediately becomes darker, owing to the admix- 
ture of the black sulphide (HgS), If the precipitant be 
added in excess, tbe whole of the precipitate becomes 
black. 

((f) The dry mercurial salts, when mixed with car- 
bonate of soda, and heated in a narrow tube before the 
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blowpipe, yields a sablimate of minute i 
metallic mercury. 

774. Examinal-mi of ilie solid portion. — The solid portioa 
of the mixture may contain mercury in combination 
with certain animal matters, besides particles of calomel, 
oxide, or some other mercurial compound. It may first 
be examined for any visible fragments of these, which, if 
detected, may be picked out, and tested for mercury, by 
mixing them, when dry, with carbonate of soda, and 
heating the mixture in a small tube before the blowpipe ; 
when the mercury will be sublimed into the cooler part 
of the tube (773 J). 

775. The rest of the solid matter may now be warmed 
with a little hydrochloric acid and chlorate of potash, as 
directed in 761 ; one part of the filtered solution may be 
tested by boiling with copper, and the other may be 
subjected to electrolysis according to the directions given 
in 763. 

If mercury be present in the solution, it will be de- 
posited upon the negative plate (connected with tbe zinc 
end of the battery), and may be readily detected by 
boiling tbe plate in a few drops of nitric acid, expelling 
the greater excess of the latter by evaporation, rendering 
the solution alkaline with ammonia (because the free 
nitric acid would dissolve the copper), acidifying very 
slightly with hydrochloric acid,' and boiling with a slip 
of clean copper foil, which may afterwards be washed 
and heated in a tube. If tbe negative plate be of gold 
(or of platinum gilt by immersing it whilst attached to 
the battery, in a solution of cyanide of gold in cyanide 
of potassium), the mercury will of course be easily recog- 
nized by the silvery appearance of the deposit. 

In the absence of a galvanic battery, the solution 
obtained by means of hydrochloric acid and chlorate of 
potash may be mixed with excess of hydrosulphuric acid 
and heated for some time, when the black sulphide of 
mercury will be deposited, and may be collected on a 
filter and washed; it will be found nearly insoluble in 
hot nitric acid, but readily soluble in a mixture of nitric 
and hydrochloric acids. The presence of mercury in the 
solution may be proved by evaporating it to a small bulk, 
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adding amirtonia in excess, then hydrochloric acid in 
excess, and boiling with metallic copper (770). i 

776. A very small quantity of mercury may also be J 
delected by placing the solulion npon a gold or copper 
coin, and touching the gold, through the liquid, with a 
pie<% of zinc or the blade uf a knire, when a silvery 
deposit will be formed around the point of contact, and 
will disappear when the washed coin is gently heated. 

^^H SECTION II. ■■ 

^^^H Ddection of Mercury in the Tissues. ^^H 

^^" 777. When the presence of mercury ia suspected i^^^ 
■ the viscera or other tissues of the body, the part intended 

for examination should first be cut into thin slices, and 
! heated with hydrochloric acid and chlorate of potash 

(761); by which means any mercury that may be present 
will be converted into the bichloride, and thus brought 
into a stale of solution. The undissolved matter is then i 
separated by filtration or decantation, and the liquid 
portion evaporated to a small bulk on a water-balh, and 
treated as in 775. 

t „^ I 

I 778, Although instances of criminal poisoning with } 

comoounds ot* lead are of comoarativelv rare occurrence. J 
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compounds ot* lead are of comparatively rare occurrence, 
still the accidental admission of it into the system, either 
in the form of the solid carbonate (white lead) so exten- 
sively employed in the arts, or through the medium of 
water impregnated with it, very frequently leads to 
serious and even fatal results; so that its detectioa is 
often a matter of grave importance. 

779. In testing for minute quantities of lead, it must 
be borne in mind that several of the test solutions 

iployed iu aualysia, when kept even for a few weeks 
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in bottles of flint gksa, flissolve oat very perceptible 
traces of the metal from the glass, in which it is preeent 
in considerable quantity ; so that, unless the experimenter 
is on his guard, he may be led to suppose that be has 
detected the metal in the liquid which he is examining, 
while, in fact, he has himself introduced it in one of hia 
reagents. Solutions of potash and soda, and their car- 
bonates, are especially liable to become in this way 
impregnated with lead ; and several other saline solutions 
also, under peculiar circumstances, do the same, though 
more slowly, and in a less degree. On this account it, 
is always advisable to test each of the reagents employed 
with solution of hydrosulphuric acid in large exGes3,J 
which will, if any traces of lead are present, give the'J 
liquid a more or less decided brown tint; or even causoj 
a black precipitate, if the quantity of metal is at all J 
considerable. 



Examnaiion of Water suspected to be impregnated vfilh Lead. 

780, The water intended for examination (which should 
always be tested as soon as possible an«r being taken , 
from the cistern or pipe in which it has been standing). J 
is placed in a beaker or bottle of German or green glass,! 
free from lead, the surface of which should be washed , 
perfectly clean with distilled water. A stream of hydrc 
sulphuric acid (sulphuretted hydrogen) gas is then trans- 
mitted through the water, until the latter smells distinctly 
of the gas. When lead is present, the liquid will gene- 
rally assume a brown tint almost immediately, unless 
the quantity of lead is extremely small ; but before de- 
ciding that the water is pure, it should be set aside for a 
few hours, after being saturated with the gas, during which 
time the sulphur will be partially precipitated, owing to 
the decomposition of the hydrosulphuric acid by the 
oxygen of the air, mixed, if any trace of lead is 
present, with a little sulphide (PbS), which will give the 
sediment a more or less decided brown or fawn color. 
If, on the contrary, the water continues colorless, and 
the precipitated sulphur is while, or of a very pale 
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^^^^■Ipbtir color, it may be concluded that do perceptible 
^^^^nce of lead is contained in the waler. 
^^^B 781. The most salisractorj method of applying this 
^^^■tot for lead in waters is the folU>wiiig. Two lest-tubea 
^^^Hf clear white glass, free from lead, about nine inches 
^^^^ong, and half an inch in diameter, are nearly filled, ona 
with pure distilled water, the other with the water under 
examination, to which a few drops of pure acetic aeid 
are added to prevent the precipitation of any sulphide of 
iron, A similar quantity of acetic acid having been 
added to the distilled water, for the purpose of compari- 
son, the contenia of both tubes are tested either with a 
clear solution of hydroaulphuric acid, or with a few 
bubbles of the gas. By holdin;; both tubes, after shaking 
over a sheet of white paper, so that the eye may look 
along the axis of each tube, the slightest trace of lead 
may be discovered by the dark color of the liquid, and 
all fallacy is excluded by the comparison with the pure 
water. It is evident that by comparing the result with 
those furnished by solutions containing known quantities 
I of lead, a close approximation to the amount of the latter 

I may be arrived at. 

I 782. Lead may also be detected in waters by evapo- 

rating a quart to dryness, heating the residue with strong 
hydrochloric acid, and mixing the hydrochloric solution 
with a large excess of strong solution of hydrosulphurio 
icid, when the purplish black precipitate, or color, of 
^Iphide of lead will be obtained. 

SECTION U. 

Detection of Lead in Organic Mixtures. 

783. If the organic matter to be examined is a mix- 
" ture of solid and liquid, such as the contents of a stomach, 
the two portions should, if practicable, be separated by 
filtration through paper or muslin; having been previ- 
ously diluted, if necessary, with a little water, and gently 
heated with a drachm or two of pure acetic acid, which 
will cause the liquid to pass more readily through the 
pores of the Biter. The liquid portion may be first 
"lested ; and in case none of the metal can be detected in 
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it the solid or Bemi-solid matter may be afterwards exa-l 
mined (788). I 

784. Examination of the liquid portion. — A current ofl 
hydrosulphuriu acid gas ia passed through the liquid Tori 
about a quarter of an hour, by which means any leact^ 
that may be dissolved will be precipitated as the blaek 
sulphide.* This ia to be separated by filtration, and the 
greater part of it digested, with the aid of a gentle heat, 
in moderately dilute nitric acid ; a small portion being 
retained for examination with the blowpipe (7ti7). 

785. When the sulphide is for the most part decom-l 
posed by the nitric acid (which may be known by then 
undissolved residue, consisting chiefly of sulphur, be- 
coming nearly white), the clear solution ia to be filtered 
from the insoluble matter, and te.sted in the following 
manner (7h6); the undissolved residue being also retained, 
in onse it may be required for subsequent examination 
(787). The digestion in worm acid should not be con- 
tinued longer than necessary, since the prolonged action 
of the nitric acid might have the eflect of oxidizing the 
sulphur as well as the lead, ibrmingsulphuricacid, which 
would combine with the oxide of lead, and precipitate it 
from the solution in the form of the insoluble sulphate 
(PbO.SOj). 

7BB. The clear solution (785) is now to be evaporated 
to dryness on a water bath, in order to expel the exceaa 
of nitric acid ; after which the residue is to beredissolveclj 
in warm water, and tested in the following ma 
if the quantity is small, the tests b, c, and d only need befl 
applied. 

(a) Hydrosulphuric acid and hydroaulphateofammonia 
cause a black precipitate of sulphide of lead (Pbti). 

(/>) Dilute sulphuric acid, or a solution of sulphate of 
soda, gives a white precipitate of sulphate of lead (PbO, 
SOj), which is insoluble, or nearly so, in acids, but gra- 
dually dissolves in a solution of caustic potash. 

(c) The sulphate formed in i, after being washed with 

* Minute qnantlties of \en,d eaoape precipitation in liquids coutaia- 
ing organiu matter, aod can mity le deleutud bj eraparutlag ta drj~ 
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distilled water is instantly blackened when moistened 
with hydrosulphate of ammonia or a solution of hydro- 
sulphuric acid, owing to the formation of the blaek sul- 
phide. The sulphate of lead may in this way be readily 
diHtingaished from the sulphates of baryta and etrontia, 
wliieh it resembles in many respects. 

('/) A solution of iodide of potassium (A'/) Ihrowa 
down a bright yellow precipitate of iodide of lead (Pbl), 
which ia soluble in hot water, and, on cooling, separates 
from the solution in the form of brilliant, crystalliue 
scales of great beauty. 

(e) Hydrochloric acid or a solution of chloride of 
sodium, causes, if the solution ia not very dilute, a white 
crystalline precipitate of chloride of leud (PbCI), which 
dissolves when the mixture is heated, and crystallizes io 
the form of delicate needles as the solution cools. 

(/) Chro mate of potash (A'O.CVOj) gives a rich yellow 
precipitate of chromate of lead (PbOiCrOj), which ia 
Soluble in potash, and insoluble in dilute acids. 

(y) If any of the precipitates formed in the above 
experiments be dried, and heated on charcoal, with or 
without a little dried carbonate of soda, in the inner 
flame of the blowpipe, minute metallic beads will be 
obtained; which may be recognized as lead by their 
softness and malleability ; a yellow incrustation of oxide 
of lead appears upon the charcoal. 

7H7. If no decided indication of lead can be obtained 
from the nitric acid solution, the other portion of sulphide 
(784), and also the residue which proved insoluble in the 
acid (765), may be dried, mixed with carbonate of soda, 
and heated in the inner flame of the blowpipe; when, if 
any lead is present, it will be speedily reduced to the 
metallic state, forming minute malleable beads. 

788. Examination of the solid portion. — If the examina- 
tion of the liquid portion should fail in proving the 
presence of lead, the poison may still be sought for in 
the solid or semi-solid matters left on the filler (783) 
since it may exist in combination with animal matter, or 
in some other insoluble form. The mixture is evaporated 
to dryness, and the dry mass incinerated in a clean fire- 
clay or porcelain crucible. The gray ash is reduced to 
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powder and treated with boiling water as long aa a d 
of tlie washing:* leaves aay residue wlien evaporated c 
Blip of glass. The solution thus obtained may possibly 1 
contain lead, and should therefore be tested with sulphu- ■ 
retted hydrogen (784). 

789. But the greater part of the metal would remain I 
in the residue, which must now be boiled with a raixtur( 
of equal measures of nitric acid and water for a few! 
minutes. The filtered solution is examined for lead i 

in 786. 

790. The residue left undissolved by nitric acid may 
still contain lead in the form of sulphate: by boiling it 
with a little acetate of ammonia (prepared by mixing 
ammonia with acetic acid in slight excess), this may be 
extracted, and the lead detected in the solution by hydro- 
Bulphurio acid. It may still be advisable to dry the 
residue, mix it with carbonate of aoda and charcoal, and 
fuse it at a bright red heat, either before the blowpipe, 
or in a covered crucible, in order to obtain if possible a 
bead of inetallic lead. 

SECTION in. 
Detection of Lead in the Tissues- 

791. "When, in a susfiected case of poisoning by lead,] 
no trace of the metal can be detected in the contents oP« 
the stomach, ka., it is necessary, before deciding upou'l 
the absence of the poison, to examine the tissues of the f 
stomach, intestines, and especially the liver; since it may I 
be often found absorbed in these tissues, even when no y 
trace is to be met with elsewhere. 

792. The portion of the body intended for examination | 
is to be cut into thin slices, dried, incinerated as com- 
pletely as possible at a moderate heat, and examined aa I 
in 788—790. ' 
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CHAPTER V. 

COPPER, 

793. Like lead, copper is not often employed for the 
purpose of criminally destroying life; but is not un- 
frequently taken accidentally dissolved in articles of 
food, with serious, and sometimes fatal results. The 
chief cause of such accidents is the employment of 
untinned copper vessels for culinary purposes; and 
although such vessels, when perfectly clean, may be used 
in the preparation of certain articles of food without 
risk of impregnation, still the number of alimentary 
substances capable of acting upon and dissolving small 
quantities of the metal, is so great, that it is far safer to 
avoid the use of untinned copper vessels in all culinary 
operations. Acid and fatty substances especially, and 
liquids containing common salt and other saline matters 
in solution, should never be boiled in such vessels ; since 
the quantity of copper dissolved by them is sometimes 
•so considerable as to impart a green or bluisTi color to 
the mixture. 

SECTION I. 

Detection of Copper in Organic Mixtures. 

794. Copper may exist in such mixtures either in a 
state of solution, or in combination with certain organic 
or other substances, forming compounds which are more 
or less insoluble in water. On this account, when the 
mixture to be examined consists of both liquid and solid 
matters, it should first be warmed with a little hydro- 
chloric or acetic acid, by which means the copper will be 
brouo;ht into solution. The solution may then be filtered 
from the insoluble portion, which latter should be retained, 
in case it may be required for subsequent examination. 

795. The clear liquid, slightly acidified with a few 
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drops of hydrocliloric acii is now to be tested for copper, 
by placing in it a piece (Mclean iron, free from ruBt,8Ut;h 
as a needle or knile blade. If copper ia present in the 
liquid, it will in a short lime be deposited in the metal- 
lic state on the surface of the iron, giving it all the ap- 
pearance of copper; while the iron ia at the same time 
dissolved in atomic proportion. The color of the freshly 
deposited copper ia so peculiar and characteristic, that it 
can hardly be rnist.iken after being once seen; so that 
this experiment is generally sufficient of itself to prove 
the presence of the metal. If, however,any doubt esiais 
Bs to its presence, the following teats may be applied, 
either to a portion of the liquid from which the copper 
has not been removed by means of the iron, or to a so- 
lution of the precipitated copper, scraped oft' the iron, in 
dilute nitric acid. 

796. (a) Hydrosulphuric acid and hydroaulphate of 
ammonia throw down a black precipitate of sulphide of 
copper (CuS). 

(6) Ammonia, when added in small quantity, throwa 
down a pale blue precipitate, which, if the ammonia be 
added in excess, redissolves, forming a beautiful blue so- 
lution. 

(c) Potash throws down in the cold solution a pale blue 
precipitate of hydrated oxide (CuO|HO) ; which, on boil- 
ing the mixture, becomes black, owing to the formation 
of the anhydrous oxide (CuO). The potash must here be 
added slightly in excess, as otherwise the precipitate 
would consist of a basic salt, which would not become 
black when boiled. 

(rf) Ferrocyanide of potaaaium causes, even in very 
dilute acid or neutral solutions, a mahogany -colored pre- 
cipitate of ferrocyanide of copper {CjUj,FeCy3), which ia 
insoluble in dilute acids. 

797. In case no copper can be detected in the liquid 
portion, it is advisable, before deciding that the metal is 
altogether absent, to examine the residue which proved 
insoluble in the dilute acid (794). For this purpose it is to 
be evaporated to dryness, and ignited in a covered Ber- 
lin poi'celiiin crucible. The incinerated residue is then 
warmed with a little dilute nitric acid, vf hich will diasulv©, 
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any traces of copper that may he present. The acid solu- 
tion is evaporated nearly to dr^ress, in order to expel most 
of the excciis of acid, and filtered ; after which the solu- 
tion may be tested with a piece of clean iron (795), and 
also, if necessary, with the other reagents above enume- 
rated (796). 

798. When the solution containing copper, even in the 
presence of much organic matter, is subjected to electro- 
lysis (758), the metal is deposited upon the negative plate, 
and may be recognized by its color, and by the appro- 
priate tests (796) applied to the solution obtained by 
boiling the negative plate with nitric acid. 

SECTION II. 
Detection of Copper in the Tissues. 

799. Like the other metallic poisons, copper is readily 
absorbed by the tissues, where it may frequently be 
found in cases where no trace can be detected in the con- 
tents of the stomach and intestines. On this account, it 
is necessary, before concluding that no copper can be 
found, to examine the liver and other viscera, which may 
be done in the following manner. 

800. The part intended for examination is to be cut 
into thin slices, and treated with hydrochloric acid and 
chlorate of potash, as directed in 761. The acid solution, 
after filtering, is evaporated nearly to dryness; after 
which it may be tested with a piece of clean iron (795), 
and, if necessary, by paragraphs 796, 798. 

If no copper can be detected in this solution, the inso- 
luble organic matter may be incinerated and examined 
according to 797. 

SECTION III. 
Quantitative Determination of Copper, 

801. The quantity of copper present in any organic 
mixture may be ascertained by incinerating the dried 
organic matter, boiling the ash with dilute nitric acid, 
saturating the liquid (after filtering) with hydrosulphuric 
acid gas, which will throw down the whole of the copper 



as sulphide. The precipitate is to be dissolved in hofrB 
Eitric Hoid, and the copper thrown down aa oxide, by T 
supersaturating the hot solution of the nitrate with potash. 
The black oxide thus precipitated is to be washed with 
B large quantity of hot water, filtered, dried, ignited, and 
weighed. From the weight of the oxide, that of l' 
metallic copper may be calculated as follows: — 
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CHAPTER VI. 
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c Mixtures and in the Tissues. 



Detection ofZin 

802, Zinc has occasionally to be looked for in organio 
mixtures and in the tissues, the sulphate being often ad- 
ministered as an antidote in cases of poisoning. It may 
be detected by boiling the suspected matters, in a finely 
divided state, with a litile dilute hydrochloric acid and 
chlorate of potash, and filtering, if necessary, from any 
insoluble residue. The clear solution thus obtained may 
then be supersaturated with ammonia, and filtered, af\i 
which the clear ammoniacal solution may be tested wil 
a current of hydroaulphuric acid gas (sulphuretted hyj 
drogen), which, if zinc is present, will throw dow 
white precipitate of su!j)hide (ZuS). The sulphide thun 
formed may be separated from the liquid by fiUrationJ 
and dissolved in a little nitric acid; the excess of aciaf 
employed being afterwards expelled by evaporating thtf 
solution to dryni 

tiOS. The residue should be boiled with water and i 

* If lliia residue ia oarbonized whan fnrllier heated, it is adviaablo 
to continue llio beat na long as any vapori ara BVolVBd, to lioil the 
charrud mssa with hjdrocUloric acid, aod to uraporate thu filturnd 
liquid lo dfyuHS 
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little nitrio acid, the solution filtered, if necessary, and 
examined by the following tests: — 

(a) Add ammonia in excess ; filter the solution from 
any precipitate which may be formed, and add hydrosul- 
phate of ammonia: if zinc be present, a white flaky pre- 
cipitate of sulphide of zinc should be produced."^ 

(6) Add ammonia in excess; filter, if necessary, acidify 
the filtered liquid with acetic acid, and add ferrocyanide 
of potassium ; a white precipitate of ferrocyanide of zinc 
sliould be obtained. 

(c) Mix the remainder of the solution with carbonate 
of soda in slight excess, and boil for a few minutes ; 
collect the precipitate (basic carbonate of zinc) upon a 
filter, wash it, and incinerate the filter when dry, in a 
small porcelain crucible. If zinc be present, the ash 
will be yellow while hot, and white on cooling. Place it 
in a small cavity on a piece of charcoal, moisten it with 
nitrate of cobalt, and heat strongly before the blowpipe ; 
a green mass should be produced if zinc be present. 

804. If it be desired to examine the zinc in the residue 
left by the hydrochloric acid and chlorate of potash (802), 
it must be washed, dried and calcined at a low red heat 
in an open crucible. The mass may then be boiled with 
hydrochloric acid, the filtered solution evaporated to 
dryness and further tested as directed above (803). 

* If ammoDia bad DOt previonsly been added in excess, tbe bydro- 
sulpbate of ammonia would bave given a wbite precipitate of sulphur, 
even if no zinc were present ; but this precipitate would simply im- 
part a milky appearance to the liquid instead of separating in distinct 
flakes. The precipitate of sulphate of zinc is usually dirty white, 
from the presence of a little sulphide of iron. 
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Detection of Unconibined Iodine in Organic Mixtures, &c, 

805. When iodine is present in an organic mixture, it 
may be detected in the following manner, which will a' 
serve to idenlify it afXer having been absorbed by the 
tisanes of the Stomach, liver, or other organ, such orgaa 
tavi ng been first carefully cutout into thi n slices, and mace- 
rated with a little water. The characteristic smell of J 
iodine is generally perceptible in liquids containing it;'9 
and it usually imparts to organic mixtures a yellow orfl 
greenish color. a 

806. The mixture may first be examined for any par-H 
tides of iodine that may be present in the solid stateM 
which, if found, may be at once identified as such by thaB 
beautiful violet colored vapor which they form whenl 
gently heated in a small glass tube.* I 

807. If no solid iodine can be found, the liquid may^ 
be tested with a solution of starch ; or a strip of cottoa 
or paper, impregnated with starch, may be moistened 
with it. If iodine is present in the solution, it will im- 
mediately strike a more or less decided purple color, the 
intensity of the tint varying from almost black to a pala<J 
shade of pink or lilac, according to the quantity of iodine I 
dissolved in the liquid. m 

808. Should the quantity of iodine in the solution befl 
80 minute as to fail in producing a suflicicntly deoidedLB 

* Since indigo also gives violet vapors, the next teat shonld olffsj^f 
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n of Sulphuric Acid in Organic MiaiureB. 

Kpbdrtc acid may be readily detected, even 

Ped with a laru;e quantity of foreign matter. 

e substance to bt? examined be vi«;id or semi- 

Fmay be diluted with a little water, and boiled; 

iiich, if any solid matter remains in suspenaion, it 

3 filtered through inualin or paper. 

, If the liquid contains free sulphuric acid, it will of 

_a strongly redden blue litmus paper. 

Pl2. Mix the liquid to be tested with a little hydro* 

lloric acid, and add a solution of chloride of barium or 

Etrate of baryta. If sulphuric acid is present, a copious 

Vhite precipitate of sulphate of baryta will be produced, 

f which will not dissolve on boiling the acidified mixture, 

' nor yet ou diluting it with a considerable quantity of 

water. 

813. Since traces of sulphuric acid may be contained 
in the nitric acid used in acidifying the mixture (814), a 
little of the nitric acid employed should be diluted with 
three or four times its bulk of water, and tested with 
chloride of barium. 

814. It is possible, also, that the substance under exa- 
mination may contain some soluble sulphates in solu- 
tion, 83 sulphate of magnesia, sulphate of zinc, &c., which 
would cause the precipitation of sulphate baryta with 
chloride of barium, even when no free sulphuric acid is 
present. To remove this source of error, a little of the 

.. _jt a..:^ jjj^y (jg evaporated nearly to dryness at a 
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gentle heat, when any saline matter that may be present 
will crystallize out ; while the free sulphuric acid will 
continue liquid, and may be identified by the proper 
tests. 

815. It is not often, however, that any serious uncer- 
tainty can exist as to whether the sulphuric acid found 
mixed with organic matter was or was not uncombined, 
especially in cases of suspected poisoning; since the 
corrosive effects of the acid upon the parts with which it 
has been in contact, or other corroborative circumstances, 
will generally of themselves furnish evidence suflSciently 
conclusive. 

816. Avery simple and delicate test for free sulphuric 
acid consists in dipping a piece of white linen or paper 
into the solution, and drying it before the fire. As the 
water evaporates, the acid will carbonize the fabric. Solu- 
tions containing organic matter as well as free sulphuric 
acid yield a carbonaceous mass when evaporated nearly 
to dryness. 

SECTION II. 
Detection of Sulphuric Add in Stains on Clothing, 

817. The stains formed by sulphuric acid on articles 
of clothing are usually moist to the touch, and most 
commonly of a brown or red color, varying, however, 
with the nature of the material and of the dye. The 
acid may be detected in them by boiling the stained part 
with water, and testing the solution as in the preceding 
section."* 

SECTION III. 
Detection of Sulphate of Indigo in Organic Mixtures^ &c. 

818. The solution of indigo in sulphuric acid, com- 
monly called sulphate of indigo, which is occasionally 
either employed as a poison, or criminally thrown upon 
the person, may be detected in the same manner as the 
simple acid. It has a deep blue color, which may be 
destroyed by boiling with nitric acid previous to the 

* When tlie stained fabric is dried before the fire, it becomes charred 
where the acid had touched it. 
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application of the tests; after which the sulphuric acid 
may be identified either in orgaoic mixturesoronarticlea 
of clothing, by the experirneuts described in paragraphs! 
812—817. 



CHAPTER rX. 
HYDROCHLORIC ACID [HCl). 



i^ciion of Hydrochloric Acid in Organic Mixturen 

819. When free hydrochloric acid ia present in an 
organic mixture, it may be detected in the followiug 
manner. If solid or semi-solid matter is mixed with the 
liquid it should be first boiled, and filtered through 
muslin ; and when the mixture ia thick and viscid, a little 
water should be mixed with it before boiling. The 
liquid is then treated with a tolerably strong infusion of 
galls, as long as it causes a precipitate, in order to throw 
down most of the dissolved animal matter, which would 
otherwise tend to prevent the acid distilling over. The 
precipitate is then separated from the clear liquid, either 
by again filtering through muslin, or by decantatiou. 

820. A few drops of the solution, thus purified from 
the greater portion of the organic matter, may now be 
tested with nitrate of silver. If this canaea a white pre- 
cipitate, soluble in ammonia, and insoluble in nitric acid, 
the liquid will have to be further examined (821) ; since 
the precipitate may be owing to the presence of chloride 
of sodium or some other soluble chloride. But if no 
such precipitate is occasioned by the silver salt, the 
absence of hydrochloric acid may be relied on ; unless, 
indeed, the solution is ammoniacal, in which case itshould 
first be neutralized or slightly supersaturated with nitric 
acid. 

821. In order to prove whether the precipitate caused 
27 
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by nitrate of silver is owing to the presence of free liy- 
drochliiric aciii, or of some soluble chloride, the liquid is 
to be distilled to dryness in a retort. The neck of tlie 
retort is to be attached by meaos of a perforated cork to 
a quilled receiver, the quill of which should be allowed 
to dip just below the surface of a little pure water platted 
in the flask or bottle intended for its reception. The bulb 
of the retort is to be heated in a chloride-of-calcium bath; 
the heat of which may be raised, towarde the end of the 
distillation, to about 230°. 

822. When the whole of the liquid has distilled over, 
the contents of the receiver are to be examined, first with 
blue litmus paper, which, if any free acid is present, will 
become reddened; and also with' nitrate of silver, which 
will give a copious white precipitate of chloride, soluble 
in ammonia, and insoluble in hot nitric acid, in case any 
free hydrochloric acid was present in the mixture, since " 
such acid would distil over with the water. 

823. A little of the distilled liquid may also be mixed 
with a few dropti of pure nitric acid, and boiled for a few 
minutes with a small fragment of gold leaf. If the latter 
dissolves, It is an additional proof that the acid is hydro- 
chloric. 

824. In examining the contents of a storaach, it must 
be borne in mind that minute quantities of free hydro* 
chloric acid are probably always present as one of the 
normal constituents of the gastric juice ; so that the dis- 
tilled liquid may always be expected to contain some 
traces of it. The amount of the acid derived from this 
source is, however, so smiill, that it may readily be dis- 
tinguished from the cornjiarfitively large quantity usually 
to be found when the acid has been swallowed.* 

SECTION II. 
Quantitalive Delerminalion of Hydrochloric Acid,% 

825. The chloride of silver (AgCl) obtained by adJI 
nitrate of silver to the distilled acid liquid (822), is to be 

* It tonBt be remembared that free lirdrn 
It trom mlztureB iwiitattilDg ohloridHS togi 
i|lbospborio, Dxalic, or lacCIa acid. 
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washed on a filter, dried and heated to dull i 
couuterpoised porceliiin crucible, until it begins to fiiBe.-l 
From tbe weigtit of ibe chloride thus obtained, that of the I 
hydrochloric acid pre;jeot in the mixture may be calcux^ 
lated as follows :— 
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CHAPTER X. 

KITBIC ACID {RO,NO^. 



Detection of Nitric Avid in Organic MiMures. 

826. If any solid or semi-solid organic matter i 
present in the mixture, it should be separated by filter- 
ing through muslin, having first heated it on a water- 
bath in order to effect a separation of the greater part of 
the acid present, from tbe solid matters which may be 
more or less impregnated with it, Should the liquid be 
tbick and viscid, it may he firat diluted with a little water. 

827. If free nitrfc acid is present in any conRiderable 
quantity in the liquid, it will probably be recognized by 
its peculiar smell ; and the characteristic yellow stain of 
the tissues with which it has been in contact is in most 
cases perceptible. The want of smell, however, is no 
proof of the absence of the acid; which may atill 1 
present in considerable quantity, either diluted v 
comparatively large amount of liquid, or even more ( 
less completely neutralized by magnesia, or some othei 
alkaline subatance that may have been administered as a 
antidote. In the latter case, the liquid may be neutral^] 
or nearly so, to test paper. 

828. In order to detect nitric acid, the liquid, after dl4 
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tration, may, if acid, be neutralized with carbonate of 
potash, and evaporated to dryness at a gentle heat. The 
nitric acid will thus be obtained in combination with 
potash, forming nitrate of potash, which will be deposited 
in needle-shaped crystals when most of the water is ex- 
pelled; unless, indeed, the crystallization is prevented 
by the admixture of much animal or other matters. 

829. The greater part of the saline residue thus ob- 
tained, is to be dissolved in as small a quantity of water 
as possible, and the solution placed in four test-tubes, for 
the following experiments : — 

(o) The first portion is mixed in a small test-tube, with 
a few drops of strong sulphuric acid ; after which a clean 
strip or two of copper, or a little roll of copper wire, is 
dropped in, and, if necessary, a gentle heat applied. If 
nitric acid is present, orange fumes of nitrous acid will 
be given off, the smell of which may generally be recog- 
nized, even when in too small quantity to be apparent 
to the eye. 

{b) To the second portion add a few drops of hydro- 
chloric acid, and put a small fragment or two of gold 
leaf into the mixture. If nitric acid is present, the gold 
leaf will be partially or wholly dissolved ; and the pre- 
sence of gold in the solution may be proved by proto- 
chloride of tin causing with it a purple precipitate. 

(c) The third portion is to be acidified with a few drops 
of strong sulphuric acid, and as soon as the mixture is 
cool, a small crystal of protosulphate of iron is dropped 
in ; when, if nitric acid is present, the liquid round the 
crystal will assume a brown color, which disappears on 
boiling the mixture. 

(d) Mix the remaining portion of the solution with 
sulphuric acid, and add a drop of dilute sulphate of in- 
digo, sufficient to give the liquid a pale blue color. If 
nitric acid is present, the color of the indigo will disap- 
pear, especially on warming the mixture. 




OXALIC ACID. 



Detection of Nitric Acid in Sloiiis on Clothimj. 

830. Stains occaaioned by the action of nitric acid oo 
woollen cloth are usually of a brown or yellowish color,. 
and, unlike those caused by sulphuric acid (817), become' 
in a short time dry and extremely rotten. The yellow 
color of the nitric acid stain is changed to orange by pot- 
ash or ammonia, which will generally restore the original 
color of fabrics stained by hydrochloric or sulphuric acid. 
If recent, the acid may generally be detected in them, 
by boiling the stained part with a little water, neutral- 
izing with potash, and applying the testa mentioned in 
paragraph 829, but if any considerable lime has elapsed 
since the production of the stain, it is probable that all 
traces of the acid will have disappeared, partly by eva- 
poration, and partly by decomposition, occasioned by 
contact with the organic matter. 
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OXALIC ACID {MO,C^O^. 



Detection of Oxalic Acid in Organic Mij-tures. 

831. Before proceeding to apply the several tests for 
oxalic acid in the contents of a stomach, vomited matters, 
or other mixtures containing organic matter, it is ad- 
visable first to separate the latter, since its presence 
might interfere with the action of some of the reagents.* 
If lime or magnesia has been used as an antidote, the 
o.xa]ic acid, if present, will be either wholly or in \ 
ill the form of an insoluUe oxalate ; so that, in that c; 

• Sepamlio!! I'y dialjals will be found of the graatest nae iu 
aaae uf cxaliu auld. 

at* 
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it is necessary to Iwil tbe sediment with a solution of 
carbonate of potash, wherebj' the acid will be brought 
into solution as oxalate of potash {KO.C^O^; an insolu- 
ble carbonate of the earth being at the same time formed. 
CaO,C,0, + A'0,CO, = A'O.CjOj + CsO.COj. 

832. The suspected mixture is first boiled, to insure 
the solution of the whole of the acid contained in it, and 
filtered, if necessary, from any solid residue. A solution 
of acetate of lead is then added as long as it causes any 
precipitate, which will throw down the oxalic acid in the 
form of the insoluble oxalate of lead (PbO,C,Oj), together 
with the greater part of the soluble organic matter. The 
precipitate thus formed ia digested for an hour or two in 
dilute hydrosulphnte of ammonia, and the mixture then 
evaporated to dryness on a water-bath. Tbe lead is in 
this way separated, in the form of the insoluble black 
sulphide, from the acid; which in combination with the 
ammonia {oxalate of ammonia), miiy be dissolved oat 
with water, leaving the sulphide undissolved, together 
with the greater part of the organic mater. 

833. The solution thus obtained is then filtered, and 
examined in the following manner for oxalic acid : — 

(a) A solution of sulphate of lime, or a very dilute 
solution of chloride of calcium, added to a portion of the 
solution, gives, if any oxalic acid is present, an immediate 
while precipitate of oxalate of lime (CaO,Cj03+ 2 Aq), 
which readily dissolves in dilute nitric or hydrochloric 
acid, but is insoluble in acetic or tartaric acid. 

(6) If the oxalate of lime formed in a, he gently ig- 
nited on platinum foil, it will be converted into carbonate, 
with little or no blackening. The carbonate of lime thus 
produced will be found to effervesce when treated with 
dilute hydrochloric acid, and if a little of it be strongly- 
ignited for a short time, it will be still further decom- 
posed, and the carbonic acid expelled ; after which the 
residue of caustic lime will, when placed on a piece of 
moistened turmeric paper, change the yellow color to 
brown. 

(c) Test another portion of the solution with nitrate of 
, silver. If oxalic acid is present, a while precipitate of 
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oxfllatQ of silver (AgO.CjOj) will be procluced, which 
sotable both in nitric acid and ammonia. If the prei 
pitate be dried, and s^ntly heated on platinum foil, it 
will be decomposed with a slight puft^ leaving a residi 
of metallic silver. 



Quanlitaiive Determination of Oxalic Acid. 

834. The quantity of oxalic acid in the liqaid may be 
estimated in the followiDg manner. The solution is first 
acidified with a little acetic acid, in order to decompose 
any soluble carbonate that may be present. A solution 
of chloride of calcium is then to be added as long aa it 
causes any precipitate ; and the mixture is boiled and fil- 
tered. The precipitate, after being washed on the filter, 
ia dried, and gently ignited in a counterpoised crucible. 
It is then, afler cooling, moistened with a solution of car- 
bonate of ammonia, and again heated a little below red- 
ness, in order to expel the excess of the ammoniacal salt, 
which was added I'or the purpose of supplying carbonic 
acid to any lime that may have been rendered caustic dur- 
ing the first ignition (&33i). 

8iS5. The oxalate of lime is thus wholly converted into 
carbonate; which is to be weighed, and from its weight 
that of the oxalic acid may be calculated as follows : — 
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CHAPTER XII. 

HYDROCYANIC (OR PRUSSIC) ACID (HOy). 

836. The presence of hydrocyanic acid, even whcD 
largely diluted, may usually be detected by iu peculiar 
and characteristic odor, somewhat resembling that of oil 
of bitter almonds. Great caution is neceasary not to 
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inhale more than the smallest quantity of the vapor, 
since headache and other unpleasant symptoms may be 
occasioned by merely smelling it, even when in a highly 
diluted state. 

837. It must be remembered, in cases of suspected 
poisoning with this acid, that no time should be lost in 
applying the tests for its presence; since it rapidly vola- 
tilizes, and, unless carefully protected from the air, dis- 
appears entirely in the course of a few days. The faci- 
lity with which the acid is decomposed when in contact 
with putrefying organic matter also prevents its detection 
after some time has elapsed. 

SECTION I. 

Detection of Hydrocyanic Acid in Organic Mixtures. 

I. Detection of the acid in the state of vapor. 

838. Very small traces of the acid may be detected by 
one or other of the following tests, which may be readily 
applied to any liquid or mixture suspected to contain it. 
There is also this advantage in being able to identify it 
without going through the process of distillation at a 
higher temperature, viz., that while the tests for the 
vapor which I am alDout to describe are equally, or even 
more delicate than those for the liquid after distillation, 
the chances in favor of the spontaneous formation of the 
acid by the decomposition of the organic matter are 
greatly diminished. 

889. A little of the mixture suspected to contain the 
poison, slightly acidified, if neutral or alkaline, with 
dilute sulphuric acid, may be placed in a watch-glass,* 
over which another similar watch-glass is to be inverted, 
having been previously moistened with a drop or two of 
a solution of nitrate of silver, care being taken that none 
of the latter is allowed to run into the lower glass. The 

* Since, in medico-legal investigations, it is not desirable to trans- 
fer the liquid from one vessel to another if it can be avoided, it is 
better to invert the watch-glasses moistened with the reagents over 
the month of the bottle in which the contents of the stomach, &c., 
have been placed as soon as removed from the body. Of coarse, 
pieces of glass might be used instead of watch-glasses. 
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glass coTitiiiningtbe auspectecl solution is then very gentlj 
warmed by holding it in the hanil ; when, if any hydro- 
cyanic acid is present, it will volatilize into the upper 
glass; where, on coming in contact with the silver aolii- 
tion, it will form a white film of cyanide of silver (AgCy). 
This test 13 very delicate; but aa a somewhat similar 
eflect might be produced by hydrochloric "acid, it is 
always advisable to confirm the result by the following 
experiments: — 

840. A little of the suspected mixture, previously 
acidified, if necessiiry, with a little dilute sulphuric acid, 
is put into a wiituh-glasa, over which is placed another 
glass moistened with a drop or two of solution of potash, 
The hydrocyanic acid, if present, gradually evaporates 
into the upper glass, where it combines with the potash, 
forming in solution a little cyanide of potassium. This 
is then mixed, first with a drop of a solution of protosul- 
phate of iron (which should have been exposed to the air 
for a short lime, so as to have become partially converted 
into the persulphate),* and afterwards with a drop or two 
of dilute hydrochloric acici, which should be added iu 
alight excess. Should any hydrocyanic acid have been 
present in the mixture, a blue precipitate of Prussian 
blue will be immediately formed, the appearance of which 
may be considered as a sure proof of the existence of 
the acid, Thisexperiment is commonly known as ^ScAeefe's 
or the iron test. 

If the hydrocyanic acid be present in small qnantit^ 
no precipitate of Prussian blue will be seen at first, baf" 
a green liquid will be formed whiuh will deposit ttakee 
of Prussian blue on standing. It is always desirable to 
compare the result with that obtained by mixing together 
in another watch-glass, the potash, iron-salts, and hydro- 
chloric acid in the same proportions as were employed 
in the test, 

841. The following test, commonly known as Ltel/ig's 
test, which is perhaps the most delicate of all, may also be 
applied. A little of the suspected fluid slightly acidified, if 

o may ba added u well u the pro- 
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neeea9ary, is put into a wateh-glaaa as before, and over 
this another wiitch-g!as3 is iTiverted, containing a drop 
of hydrosuJphale of nmmonia, which for this purpose 
should contaiQ an excess of sulphur, and consequenlly 
have a yellow color. The glasses may be allowed to 
remain together for about a quarter or half an hour; 
after which the upper one is removed, and placed on a 
water-bath, until the hydroaulphate of ammonia is eva- 
porated to dryness. Should any hydrocyanic acid have 
been present in the liquid, some of its vapor will have 
combined with the hydrosulphate, with which it would 
form Bulphocyanide of ammonium. The residue left 
after the evaporation of Jhe drop is now to be moistened 
with a dilute solution of persulphate or perchloride of 
iron; which, in case any sulphocyanide of ammonium 
had been formed, or, in other words, in case any hydro- 
cyanic acid had been present in the suspected mixture, 
will immediately produce a blood-red eolor, owing to the 
formation of aulphocyanide of iron. Thiscoloris bleaohed 
by perchloride of mercury (corrosive sublimate), and is 
thus distinguiahed from that caused by acetate ormecon- 
ate of irou, 

II. Detection of Hydrocyanic Acid in Solution. 

842. The mixture suspected to contain the poison is to 
be diatilled in a retort heated on a water-bath, the re- 
ceiver being kept cool by immersion in cold water, or 
in a freezing mixture composed of ice and salt, or of 
equal weights of nitrate of ammonia and water. When 
about one-eighth part of the liquid has passed over into 
the receiver, the diatiUation may be stopped. Should 
the mixture, previous to diatiUation, be neutral, or at all 
alkaline to test paper, it should be slightly acidified with 
dilute sulphuric acid, in order to disengage the hydro- 
cyanic acid from the ammonia, or other bases which miiy 
be present, and which would tend to prevent the distil- 
lation of the acid at the low temperature employed. 
The presence of hydrocyanic acid in the distilled liquid 
may be uacertaineii by the following peculiarities: — 

bi3. Unless the quantity of acid be very minute,* 
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peculiar oiior, resembling that of oil of bitter almoodi 
will probably be apparent. 

8i4. Test a little of the distilled liquid with a Bolution 
of nitrate of silver. If hydrocyanic acid ia present, a 
white precipitate of cyanide of silver ia produced, which 
ia aolnble in ammouia and in hot nilrie acid, but insoluble 
in the cold acid. 

845. The cyanide of silver should be collected upon a 
filter, washed as long as the wa.'^hingH are acid, and dried . 
at a gentle beat. It is then to be subjected to the foUowV 
ing tests : — 

846.* Place a very small fragment of iodine at the^ 
bottom of a small tube closed at one end, and above it 
aa much as can be spared of the supposed cyanide of sil- 
ver. Apply a very gentle heat, by holding the tube at 
some distance above a flame, when iodide of cyanogen ■ 
will be formed, and will condense on the cool part of tho j 
tube in very fine white needles. 

AgCy-|-i, = AgI + CjI. 
(If a very little cyanide of silver be used, it is well I 
cover it with a layer of carbonate of soda, to retain anjH 
excess of iodine.) 

847. File oft' that portion of the tube which containn 
the sublimate, and warm it in a test tube, with a littlq 
dilute yellow hydrosulphate of ammonia in which it v 
dissolve. Evaporate the solution on the water-bath, anclj 
test the residue with perchloride of iron (841). 

If a sufficient quantity of the cyanide of silver can t 
obtained, another sublimate of iodide of cyanogen mayi 
be made and tested by dissolving in potash and applyiuw 
the Prussian blue test (840). 

848. Boil a little of the cyanide of silver with yellofl 
hydrosulphate of ammonia, filter, evaporate on a waterj 
bath, and apply Liebig's test (841), A very small par^ 
tide of cyanide of silver may be tested in a watch-glat 
by moistening with a drop of yellow sulphide of acnmo* 
nium, evaporating on the water-bath, and testing wit£ 
perchloride of iron. 

■ Foctiiia excellsnt test wb are inriebtmi to MM. Hvvry and Hum, 
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849. Add to a little of the distilled liquid in a test 
tube, first a little solution of potash : then a drop or two 
of a solution of protosulphate of iron, containing also 
a little persulphate (840) ; and lastly, a slight excess of 
dilute hydrochloric acid. If the liquid contains hydro- 
cyanic acid, a precipitate of Prussian blue will be imme- 
diately produced ; or if only a small trace is present, a 
few hours may elapse before it becomes apparent. 

850. Mix another portion of the distilled liquid with 
a few drops of yellow hydrosulphate of ammonia, evapo- 
rate the mixture to dryness on a water-bath, and test as 
in 841. 

851. The evaporation to dryness in this experiment is 
necessary, in order to expel the excess of hydrosulphate 
of ammonia; which would otherwise form with the iron 
solution a black precipitate of sulphide, and thus obscure 
the appearance of the characteristic red color.* During 
the evaporation the heat must be kept very moderate, 
lest any of the sulphocyanide of ammonium that may be 
formed by the action of the hydrocyanic acid on the hy- 
drosulphate should be decomposed. 

SECTION II. 
Quantitative Determination of Hydrocyanic Acid. 

852. The quantity of hydrocyanic acid contained in an 
organic mixture may be ascertained with sufficient accu- 
racy for most purposes by distilling the acid (842), and 
precipitating the distilled liquid by means of nitrate of 
silver. The precipitated cyanide of silver is washed and 
dried in a hot water oven until it ceases to lose weight. 
From the weight of the cyanide thus obtained, that of 
the anhydrous hydrocyanic acid (HCy) may be calculated 
as follows: — 

Ate. wt. Ate. wt. of Wt. of cyanide Wt. of hydrocyanic 

of cyanide hydrocyanic of silver acid in the quantity of 

of silver. acid. obtained. mixture employed. 

\ ^ ; 
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* Which may still be rendered evident bj filtering the liquid. 
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. Of the several compoumla contained in, and p8- I 
culiar to opium, two onlj, raorpliia (Gj^Hj^NOa) and me- 
conic acid (3H0,C,jH0[,), ^re possessed of sufficiently 
cbaracteristic properties to enable us to identify tliem 
when mixed with other matters ; the tests for these sub- 
stances, moreover, are not particularly delicate, so that 
it is difficult, and not unfrequently impossible, to detects' 
small traces of them. In cases of poisoning with opin 
it is seldom that any traces of it can be found in thftj 
contents of the stomach ; so that the tissues of the f 
mach itself, the intestines, and also any vomited matters, 
ought lo be carefully examined for the poison. 

Detection of Opium in Organic Mixtures, Tissues, <fc, 
854, If the substance to be examined is liquid or semi- 
fluid, it should first be evaporated to dryness, or nearly 
so, on a water-bath. If solid, the suspected substance 
may be cut into thin sliced. The residue left after evapo- 
ration, or the sliced solid matter, as the case may be, 18 
then to be digested for an hour or two, with the aid of a 
gentle heat, in a flask or dish placed on a water-bath, 
with a small quantity of water containing a little acetic 
acid. The mixture ia filtered, and the clear liquid, con- 
taining a slight excess of acetic acid, is treated with a 
solution of acetate of lead {PbO,0^lTfij) as long as any 
precipitate ia produced. The meconic acid, if present, is 
thus thrown down in combination with oxide of lead, 
forming meconate of lead (yPbO,C,,HO„) ; while the mor- . 
phia remains in solution in combination with acetic acid f 
(acetate of morphia), together with any excess of acetate i 
of lead that may have betin employed. The mixture is | 
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warmed (not boiled, since by boiling some of the meconic 
acid might become decomposed) and, when again cold, is 
filtered. 

855. The clear solution may first be examined for 
morphia ; reserving the precipitate for subsequent exa- 
mination. 

856. A current of hydrosulphuric acid (sulphuretted 
hydrogen) is passed through the solution, until the latter 
smells distinctly of the gas, in order to decompose the 
excess of acetate of lead. The precipitated sulphide of 
lead is separated by filtration from the solution ; which 
latter, after boiling, and if necessary concentrated by 
evaporation, is to be examined for morphia by means of 
the following tests : — 

857. Place a drop or two of the concentrated solution 
on a strip of glass, and add a drop of ammonia. The 
morphia will be precipitated in the form of minute needle- 
shaped crystals, which may be examined under the mi- 
croscope. 

858. Mix a small quantity of the solution in a test- 
tube or watch-glass, with enough solution of carbonate 
of soda to give it a decided alkaline reaction, and stir the 
mixture with a glass rod, rubbing the sides of the vessel. 
A crystalline precipitate of morphia will be deposited 
on standing, especially upon the lines of friction. Should 
the carbonate of soda produce an immediate flocculent 
precipitate (of the phosphate or carbonate of lime, for 
example), this should be filtered off immediately, before 
the solution is stirred with the glass rod, and should be 
reserved for further examination. 

859. If any crystalline precipitate has been produced by 
the carbonate of soda, it must be collected upon a small 
filter (reserving the filtered liquid) and washed with very 
small quantities of cold water as long as the washings 
are decidedly alkaline (these washings are to be mixed 
with the filtered liquid). The filter is then carefully 
spread out upon a glass plate, and a drop of solution of 
perchloride of iron placed, with a glass rod, upon a part 
of the precipitate ; if morphia be present, an indigo-blue 
color will be produced. Another particle of the precipi- 



tate may be touched with a drop of a strong nitric aeid, 
which tinges morpbiii of an orange red color.* 

860. The solutionf in which carbonate of soda has not J 
caused any crystalline precipitate, or which has been fiUT 
tered from the precipitate, is now evaporated lo dryncsSH 
on a water-batb, and heated with alcohol, which would 
dissolve the morphia ; on filtering the solution and evapo- 
rating to dryness on the water-bath, the morphia will be 
left, and may be tested as in 859. 

86L The floccnlent precipitate produced by carbonate J 
of soda (858) may be examined by washing it with i 
little hot alcohol to dissolve the morphia which may then'l 
be separated by evaporation and tested as in 859. 

862. The precipitate, supposed to contain meconnta ofS 
lead {b54), is now to be mixed with water in a benkerfl 
glass; and while suspended in the liquid, treated with aM 
current of hydrosulphuric acid, the mixture being stirrodW 
occasionally. The meconate of lead ia thus decomposed™ 
the black sulphide of lead being precipitated, while thrfP 
meconic acid, if present, remains in solution, The r 
tnre is filtered to separate the sulphide of lead, and the! 
clear liquid is gently warmed (not boiled (854),) in ordei" I 
to expel the excess of hydrosulphuric acid; and, if nccea- ] 
sary, concentrated by evaporation on a water-bath. The ' 
tDeconic acid, if present in sufficient quantity, may thet 
be detected by the following testa : — 

86Jt. A solution of perchloride of iron gives the liquid, J 
in case meconic acid is present, a bright red color, owing i 
to the formation of meconate of iron. The color cl.iaely ■ 
resembles that caused in solutions of iron by the sulphrt- 
cyanides, from which it may be distinguished by not being 
decolorized by a solution of bichloride of mercury (841). 
It is, however, destroyed by boiling nitric acid, chloride _ 
of tin, and the caustic alkalies. 

864. Solutions of acetate of lead, chloride of barium. 
and nitrate of silver, produce white precipitates of mo-. 
conates, which are all soluble in an excess of nitric acitl.f 

" Conoantrated salpliario aoiil, to wliicU 0-004 per. cent, of T>ilrla| 
«old (NOj) hiiB bflen added, gives a, violet pnrplo uolor whan guull; 
heated with morphia or llie bydroahlornte (Erdmnnn). 

t ir pnesible tlie Bolution should hn set aside for tooaehoara in Ot-| 
der to allow the morphia to or/ststlize out. 
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CHAPTER XIV. 

STRYCHNIA. 

865. Strychnia (G^^IL^fi^) is the poisonous alkaloid 
contained in ntix vomica and other plants of the strychnos 
tribe. Although a very minute quantity of strychnia is 
sufficient to cause death, the symptoms to which it gives 
rise are usually so well marked, and the tests by whici 
it may be recognized are so characteristic and delicate, 
that less difficulty is experienced in deciding upon the 
question of its administration than in the case of moat 
other vegetable poisons. 

Detection of Strychnia in Organic Mixtures^ Tissues, dbc. 

866. The matter under examination, which, if solid, 
should be cut into shreds or slices, is digested, for about 
an hour, in a dish placed upon a water-bath, with dilute 
hydrochloric acid (1 part of the strong acid with 10 parts 
of water). The solution is then rendered pretty clear by 
filtration through muslin, or paper, evaporated on a water- 
bath to as small a bulk as convenient, and rendered 
strongly alkaline by solution of potash. The alkaline 
solution is poured into a narrow stoppered bottle, and 
shaken with about an equal volume of ether for several 
minutes; on standing, the ether will rise to the surface, 
holding the strychnine in solution. The ethereal layer 
is drawn off with a small syphon or pipette, and evapo- 
rated to dryness in a small capsule placed on the water- 
bath. Very minute particles of the solid residue may 
then be taken on the point of a knife, and examined for 
strychnia by the following tests : — 

867. The extremely bitter taste of strychnia is per- 
ceptible even when a very minute quantity is examined. 

868. A particle of the suspected substance is placed 
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upon a piece of white porcelain, and beside it, but not 
touching it, a drop of strong sulphuric acid is placed 
with a glass rod. A trace of solution of chromate or 
bichromate of potash ia introduced, by a glass rod, into 
the drop of sulphuric acid, and the particle supposed to 
contain strychnia is then pushed into it, A fine violet 
blue color should then be produced, which soon changes 
into red * 

869. Another particle of the substance is moistened 
with strong nitric acid, and a very minute quantity of ihe 
peroxide (brown oxide) of lead is added. Violet streaka 
should arise from the particles of the peroxide, and 
should gradually pervade the liquid, ultimately changing 
to red, 

870. If the results obtained by these tests should not 
be satisfactory, in consequence of some fatty or otlier 
organic matter having also been dissolved by the ether 
and left with the strychnine on evaporation, the remainder 
of the suspected residue (Sfifi) in the capsule, should be 
moistened with strong sulphuric acid, and heated for some 
time upon the water-bath, when the extraneous organic 
matters will be carbonized, and the strychnia converted 
into a sulphate. The carbonaceous mass is treated with 
water, filtered, the clear solution mixed with a slight 
excess of ammonia, and shaken with about one-sixth of 
its volume of chloroform (for which ether may, in case 
of need, be 3ubstituted).t When the chloroform, hold- 
ing the strychnia in solution, has fallen to the bottom of 
the liquid, the latter is drawn off and the chloroform 
evaporated upon a water-biith, when the strychnia will 
be left and may be identified by the tests described in 
868, 869. 

• Althongh the presenea of any con Bid a rabid proportion of morphia 
irterferea with the dsteetion of stryeliuia, the aeparaliou of thn two 
alkaloids is bo aadil^ efFaoti^d b; ethtir or bomole, irhk*h will randily 
dissolve Btrjchuia, but aoarealy morphia, that there is do daogur of 
Btr;chnia being overlooked from this cause. 

t Benzole, vhlab is lighter than vater, and leaB volatile as well aa 
cheaper Ihnn chloroform or ether, maj also be euiploj'eii for the ex- 
IracLiun of etrjohaia, though it is not so good a aolceul for it BH ulilo- 
Mform. 

28« 
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CHAPTER XV. 

NICOTIA. 

871. The poisonous oily alkaloid of tobacco, nicotia, 
or nicotine (Cj^HyN), has occasionally been employed 
with criminal intention, but it is much less likely to be 
met with than morphia or strychnia, on account of its 
very powerful and characteristic odor. 

Detection of Nicotia in Organic Mixtures, 

872. This alkaloid may be extracted by a process 
similar to that followed in the case of strychnia (866), 
viz., by digesting the mixture with dilute hydrochloric 
acid, liberating the alkaloid by means of potash, and 
removing it from the aqueous solution with ether. On 
allowing a few drops of the ethereal solution to evapo- 
rate spontaneously, impure nicotia will be left, and may 
be recognized by its pungent odor recalling that of to- 
bacco. In order to obtain the nicotia in a pure state, 
the ethereal solution must be shaken with water mixed 
with about one-fifth of sulphuric acid, which dissolves 
the nicotia in the form of sulphate. The ether is then 
poured oft^ and the aqueous solution of sulphate of nico- 
tia is shaken with a little more ether to remove any fatty 
matters which may be present. It is then rendered al- 
kaline by potash, and again shaken with ether, the ethe- 
real layer containing the nicotia being afterwards allowed 
to evaporate spontaneously, when oily drops of nicotia 
are left, and may be recognized by the smell, especially 
when gently heated. If ammonia be present, it may be 
removed by exposing the nicotia under an exhausted re- 
ceiver containing a dish of strong sulphuric acid. 
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CHAFTEB XVL 
DKTKCfiosi OP TSUwraoBJcm uf GASES OP FOfsonsro. 

873. TsE companittiTe treqweoef of jeeidesBtd poiifosi- 
iDg bj pbospfaoms msOAem in tbe baads of dbalLdreaau lo- 
gether wittti the memmBtsmee dbat a pbaopboros pcM#ogi 
for Yennio is immt in wery e^mumm wse^ ranisr it iK>oe»- 
sary that the medieal tS^&maA ibooiM be able to oblaxn 
evideooeof itipreBenseioof^^Sfliiemixtaine^ Ifpoeerble 
the Yomited mattter dKraM be 4«;p(9eia33 j exaiujikad, sb 
they have beeo fonod to ocMUtain tiae laf^snt psx^ortajTa 
of pho^homa. 

874:. If the substtaaaf^ to be exaJixnB^ Isas xk3& been 
long exposed to the air, at i^aaj $ti!Q ooffirtaiii pbuepboros 
in the free sSatie, bust ii8 fsooet <(a»Be€ oxidicticra v^O] luive 
eoaverted the phoepl^ortt^ ii&iito p]:KMS)b<»viBt8 j^eid (P^^s), 
or poonUj eren isitto phti>«{i)borie aeaJ (I^J- Sa-D&e this 
last is a nK^ratail <eodotitf<it2a^t2t of l3&e Wd j Aitd <^ tbt; foud, 
it woold aifoird aao ^erid^tikQe 'of ite adicdiiiHtrstioD of 
phoq»horii^ but lQ!Pt«.ia«tdj^ -woleM after prolonged «i- 
posane^ eiithter photj^Saic^nQiika «edd -tv };iitCfBpbonifi itiiidi' ean 
be detected wbetskeir-esr lUbi^ ^ItiisDetoit hm beeai tiLktm into 
thesj£t.e». 

875. TUkeof^ftmte maittersbWId first 1:>e examiDed as 
to its odor, t2b»t <ji f)iii08jiirgru€ beitig Ttsry eimracterifltie, 
and as to ittS JiutoiTOoarty i<ii tbe daj'.k. It fihouJd ako lie 
carefuMj look^ ov^ 1'<^ asoertttio if a.tiy solid partidioB 
of the pboBpbori^ied 'ooo^posiiioo ^eao be datet^d. 

87<- Tbe iBuepeoted uutt/ter i« tb«n plaoed in a flafik, 
and aieiidnJial.ed witb dilute «ulpliuric acid, a little water 
being aleo added if necessary. The flask is coniuicied 
by B^eans of a eork witb a bent glass tube passing through 
a iride tube (bavirig a perforated cork at eacb end) through 
wlaeb a stream oJ uoJd water can be ke^rt trickling. On 
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I applying a moderate heat to the flask, in a darkenec 
W room, the condensing vapors should exhibit a phospho _ 
\ rescent appearance. The liquid which distils over majr 
possibly contain white fioelj divided phosphorus. If it 
be at all turbid it should be shaken, in a tall vessel, with 
bisulphide of carbon, which will dissolve the phosphorus 
and sink to the bottom. On allowing the bisulphide of 
carbon to evaporate spontaneously, it will leave the 
phosphorus, often in a spontaneously inflammable condi- 
tion. If no free phosphorus has been detected, both the 
distilled liquid and that remaining in the flask must be 
examined for phosphorous acid by the fallowing process: 
877. The liquid to be tested having been acidulated 
with sulphuric acid, ig placed in a flaak, together with a 
few fragments of pure zinc. A cork v/itb a bent tube is 
L ihenaltachedeo that the evolved hydrogen maybe passed 
through a solution of nitrate of ail ver. A strip of filter- 
paper moistened with nitrate of silver may also be sus- 
pended Bomediatanee above the surface of the liquid in 
the flask. Should any inconvenience be caused by the 
frothing, a little alcohol may be paured upoo the surface 
ofthe liquid. If any phosphorous acid be present, phos- 
phuretted hrydrogen (PH ) will be evolved, and will 
produce a dark precipitati i" tbe solution of nitrate of 
silver, and a mingled grav ^"'^ yellow stain upon the 
lilter paper, whieh wHl becorrJe bright yellow when dipped 
into a httle strong nitric aci*i- (Sulphuretted hydrogen 
would merely blacken the nitrate of silver, and the Blain 



""uiu Deaiasoived by theac't^ without turning yellow.) 
t.L,^ P'"^C'pilate (phospbi<le of silver, Ag,P) is col- 
ieciefi upon a small filter V^^hed, dissolved in a little 
0„ "'V'c ^'^''d, and the solution evaporated to dryness. 
th j'"^ ^ '■^'^ water, and ® "^"^ °^ ammonia upoa 
./^."a of ii gliiasrod, the von<^wp''^°'P'^a''«"'"f^"»phaie 
Sf ^^'" (S^gO.PO.) will be foductid. The character- 
toLd^'r"'' '^^.P'^^^Phuretted %drogeu should alao be 
"* for lu tb,« c.xperin.oat. 
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CHAPTER XVIII. 

GENERAL SYSTEMATIC COURSE FOR THE DETECTION OF 
POISONS IN ORGANIC MIXTURES. 

882. Although it rarely happens that an organic 
mixture is submitted to examination without some clue 
which enables the chemist to limit the inquiry to a very 
few poisons, still such a case should be provided for, and 
it is here proposed to give an outline of a systematic 
course for the detection of the leading poisons, in three 
divisions, referring to cases where (1) the poison is be- 
lieved to be metallic, (2) it is believed to be an organic 
poison, and (3) nothing whatever is known about it. 
Alcohol, phosphorus, opium, and hydrocyanic acid will 
not be included in this course, since they at once aflFord 
indications of their presence, and may be detected ac- 
cording to the directions already given. 

the poison is believed to be METALLIC. 

Examination for ArseniCj Antimony^ Mercury, Copper, Lead, 

Zinc, Barium, Silver, Bismuih. 

883. The solid portions of the mixture having been 
as finely divided as possible, with a sharp knife or scis- 
sors, the whole is heated (for about an hour) in a porce- 
lain dish placed upon a water bath, with a mixture of six 
measures of water and one of hydrochloric acid,* to which 
chlorate of potash is added by degrees, with constant 
stirring, until the solid has disintegrated, and the liquid 
is sufficiently thin for filtration. It is then filtered, the 
insoluble part is washed several times with water (the 

* If there be mnch liqnid, less water must be added so that the 
acid may form about a sixth of the whole. 
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■waabings being mixed witb tbe filtrate), and is then set 
aside for farther examination (892). 

884. The filtered liquid is evaporated on a water-batb, 
to a small bulk, and subjected to electrolyaia aa directed 
in 75S. After the passage of the current baa been con- 
tinued for about an hour (during which the exit tube baa 
been heated in order to detect arsenic and antimony) (753, 
76B), about half a dracbtn of a strong solution of washed 
sulphurous acid is poured down the funnel tube ; the exit 
tube having been first changed if any deposit should 
have been formed in it. 

885. After the current has passed for another half 
hour, the electro-negative platinum plate is removed 
from the decomposing cell, without suspending the cur- 
rent, and washed with a little distilled water. The liquid 
in the cell is reserved for subsequent examination (888). 

886. The appearance of the deposit upon the electro- 
negative plate having been carefully observed, it is boiled 
with a little dilute yellow hydroaulphate of ammonia, 
which will dissolve the antimony, to be detected in the 
solution according to 763 (t). 

887. The plate is again well washed, and boiled with 
dilute nitric acid. The solution is boiled down (in a 
test-tube) to a very small bulk, and mixed with an ex- 
cess of ammonia. The presence of copper will be indi- 
cated by the blue color. Hydrochloric acid is very care- 
fully added till the solution is sSigbtly acid, and it is then 
largely diluted with water. A milkinesa will be pro- 
duced if bismuth be present. The liquid is again evapo- 
rated to a small bulk, rendered clear by adding a little 
hydrochloric acid, and boiled with a atrip of bright 
copper, to detect mercury (770, 7T1). In case any 
mercury should have been left upon the platinum in the 
form of sulphide, the plates may be again boiled with 
dilute nitric acid and a drop of hydrochloric acid (taking 
care not to dissolve much of the platinum). The solution 
is boiled down to a small bulk, mixed with excess of 
ammonia, then with hydrochloric acid in excess, and 
boiled with copper. 

868. The liquid which has been subjected to electro- 
lyflid (8y5) is now evaporated at a moderate heat, until 
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tbe organio matter is so far carbonized ihat a sm^U por- 
tion, when diluted with water, and filtered, yields a 
nearly colorless solution. The whole ia then mixed 
with a few drops of hydrpchlorlc and Ditric acids, heated 
to boiling, again diluted and filtered. The carbonaceous 
residue is washed and reserved for further examination 
(81) 1). 

8b9. The filtrate and washings are saturated with sul- 
phuretted hydrogen, boiled, again saturated with sulphu- 
retted hydrogen and set aside in a warm place, in a 
covered vessel, for several hours. Any precipitate, ex- 
cept sulphur, which may have been deposited, is iiltered 
oft', washed, and examined for metals according to the 
general method followed in qualitative analysis. 

b90. The solution filtered from this precipitate is 
evaporated to a small bulk, and mixed with an excess of 
ammonia. If this should produce a precipitate (generally 
consisting of earthy phosphittea or peroxide of iron), it is 
filtered oftj and the solution mixed with a little hydro- 
sulphate of ammonia to precipitate any zinc as sulphide, 
which may be tested by the blowpipe (803c).* 

8yi. The carbonaceous residue from H68 ia dried,f 
incinerated, and examined together with the other incine- 
rated residue from bS3. 

802. The residue left undissolved by hydrochloric 
acid and chlorate of potash in 883 is dried and incinerated 
at a low red heat. The ash is mixed with that obtained 
in 891, and boiled with nitric acid diluted with two 
volumes of water. The solution ia filtered and examined 
for metals aa usual in qualitative analysis. 

893. Any portion of aah left undissolved by the nitric 
acid is washed, dried, and, if still retaining any carbon, 
again incinerated. The residue which might possibly 
contain barium (as sulphate), silver (as chloride), and 

* If this precipitnte ie vhtj dark and impare, it must be diKsoWed 
in a oiixlaru of liydrocUlonu aud nitrio acids, tlia aolutiou evaporated 
to dryuBfls, tbe residue belted till all organiu matter is deslioyed, and 
dJEaoked JD Ditric acid. The Holutiou in mixed witb excess of am- 
luoiiia, Qltered, if uecussarj, and tciited witli b/iiroaulijibalti of am- 

t A Hmall oliareoal Gra will be found very otmvenieDt in these 
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lead (as sulphate), is fused with three or four parts oi 
carbonate of soda in a porcelain crucible. The fused 
mass having been boiled with water, the residue is washed 
till the washings leave nothing on evaporation, and dis- 
solved in hot dilute nitric acid. The nitric solution is 
tested (1) for silver with hydrochloric acid, which would 
give a white precipitate, soluble in ammonia (2), for 
barium with sulphate of lime (white precipitate*) and 
hydrofluosilicic acid (white crystalline precipitate), (8) 
for lead with dilute sulphuric acid (white granular preci- 
pitate), and hydrosulphuric acid (purplish black precipi- 
tate). 

THE POISON IS BELIEVED TO BE ORGANIC. 

Examination for Oxalic Acid, Morphia, Strychnia, Nicotia 

and Conia. 

893a. The organic mixture, of which the solid portions 
have been as finely divided as possible, is digested in 
water acidulated with hydrochloric acid, for an hour 
or two, in a dish placed upon a wash-bath. The solution 
is then filtered, first through muslin, and afterwards 
through paper, and evaporated upon the water-bath to 
a small bulk. 

894. A small portion of this solution is tested for 
oxalic acid by adding a little chloride of calcium, then 
ammonia in excess, and finally, acetic acid in excess! If 
any white crystalline precipitate of oxalate of lime be left 
undissolved by the acetic acid, the larger portion of the 
solution must be examined for oxalic acid according to 
Chapter XI. 

895. The remainder of the solution from 893a is ren- 
dered pretty strongly alkaline by potash, and shaken 
with four or five times its volume of ether.f After 

* If this precipitate be collected on a filter, well washed, and heated 
on a platinum wire moistened with hydrochloric acid, in the inner 
blowpipe flame, it will tinge the outer flame bright green. 

t Uslar and Erdmann have recommended amylic alcohol as a sol- 
vent for the poisonous alkaloids, but the advantage with which its 
employment in certain cases may be attended is in great measure coun- 
terbalanced by the very disagreeable and injurious character of ita 
vapor. 

29 
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standing for some time, the ethereal layer is poured off 
or drawn off with a small syphon or pipette. 

896. The ethereal solution is poured into a dish and 
allowed to evaporate spontaneously. If either nicotia 
or conia be present, it will be left in oily drops which 
will evolve the powerful odor of the base when gently 
heated on the water-bath. If any solid residue be left 
by the ether, it must be examined for strychnia and mor- 
phia. For this purpose it is dissolved in a very little 
dilute hydrochloric acid, filtered, if necessary, and the 
solution rendered alkaline with carbonate of soda, briskly 
stirred, and set aside for an hour or two. If any crys- 
talline precipitate is formed, it must be examined for 
strychnia and morphia according to 868, 869, 859. The 
solution in which carbonate of soda has failed to produce 
a precipitate, or which has been filtered from the preci- 
pitate, is evaporated to dryness on a water-bath, and the 
residue gently heated with absolute alcohol. The alco- 
holic solution is evaporated to dryness, and the residue 
tested for strychnia and morphia. 

897. The aqueous layer separated in 895 is slightly 
acidified with hydrochloric acid, and evaporated to dry- 
ness on the water-bath. The residue is heated with 
strong alcohol for some time. The alcoholic solution is 
filtered and evaporated to dryness on the water- bath. 
The residue is redissolved in a very little water, the so- 
lution briskly stirred with a slight excess of carbonate 
of soda,* and the further examination conducted pre- 
cisely as in 896. 

NOTHING IS KNOWN OF THE NATURE OF THE POISON. 

898. In this case, the first part of the process must be 
conducted on the supposition that the poison is organic 
(893a) ; the residue left undissolved by alcohol in 896, 
897, as well as so much of the precipitate produced by 
carbonate of soda as is not consumed in testing for alka- 

* If oxalic acid be present, it might go down in this precipitate as 
oxalate of lime. The remainder of the oxalic acid will be found as 
oxalate of soda in the residue left by absolute alcohol in extracting 
the morphia. 
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loids, must be dissolved in hydrochloric acid, mixel with 
the original organic matter left undissolved by the hydro- 
chloric acid (893a), and the examination for metallic 
poisons proceeded with as in 883. 



CHAPTER XIX. 



SEPARATION OF POISONS FROM ORGANIC MIXTURES 

BY DIALYSIS. * 

899. The important observation made by Mr. Graham 
that crystallizable bodies will pass in a state of solution 
through membranous and other diaphragms which will 
not permit the passage of the amorphous substances 
composing the bulk of most organic mixtures, has been 
applied by him to the separation of poisons. As the 
process is very simple, easy of execution, and does not 
involve any operations which would interfere with the 
subsequent application to the same mixture 

of any other process for the separation of the Fig« 82. 
poison, it will probably come into very general 
use in medico-legal investigations. 

This process is, indeed, a refined filtration, 
and is applicable instead of that operation, in 
all the steps of the separation of poisons 
from organic mixtures, with this very great 
advantage, that it removes not only substances 
mechanically suspended in the liquid, as is 
the case with filtration, but also coloring matters, albu- 
minous substances, &c., which so interfere with the ap- 
plication of tests to the liquid obtained by filtration. 

900. A circular piece of parchment-paper* (see note 
to p. 284) is folded, as in preparing a filter, into a cone, 
which should be at least twice as large as is necessary 
to contain the mixture under examination. This cone is 
placed in the mouth of a cylindrical jar (Fig. 82), (a 

♦ This should have been weU soaked in distilled water, and dried 
before use. 
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beaker or common tumbler), filled nearly to the brim 
with distilled water, the volume of which should be about 
eight times that of the organic mixture. 

901. The solid portion of the organic matter having 
been cut up, and, if it be thought necessary, a little water 
having been added to thin the mixture, it may be poured 
at once upon the cone of parchment-paper arranged as 
above directed. The whole may then be covered with a 
bell-glass, or placed in a secure cupboard, and left for as 
long a period as can be conveniently allowed to elapse, 
if possible, for at least forty-eight hours. The diffusaie^ 
as the liquid in the glass is termed, may then be evapo- 
rated to a small bulk and examined for the poison by 
the appropriate methods, whilst the organic mixture re- 
maining upon the cone or dialyser may be subjected to 
the ordinary processes for the separation of poisons from 
organic matter. 

902. Of course, in cases where there is reason to sus- 
pect the presence of hydrocyanic acid, alcohol, or phos- 
phorus, it would not be prudent to subject the mixture 
to dialysis until at least a portion of it had been examined 
for those poisons. 

1)03. If time could be spared, it would evidently be 
desirable to dialyse the organic mixture at first without 
any addition (except water), since not only would all 
question of impurity in the reagents be avoided, but a 
knowledge of the state of the poison, whether soluble or 
not, would be thus gained, which might, in many cases, 
prove of great service. The mixture might then be 
dialysed a second time after digestion with the proper 
solvent, such as hydrochloric acid, or that acid with the 
addition of chloride of potash.* 

* The editor has obtained most satisfactory results by this process 
in separating arsenious acid, strychnine, morphine, opium, and oxalic 
acid (as oxalate of lime). The arsenious acid was separated in some 
cases by simply dialysing the organic mixture, in others by digesting 
with hydrochloric acid and dialysing, and in others by first digesting 
with hydrochloric acid and chlorate of potash. In all cases the dif- 
fusate was colorless. 
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WEIGHTS AND MEASURES. 



Troy or Apothecaries' Weight, 



Fonnd. 
1 = 



Oances. Drachms. Scrnples. 



Grains. French Grammes. 



12 = 96 = 288 =. 5760 = 

1 = 8 = 24 = 480 = 

1 = 3 = 60 = 

1 = 20 = 

1 = 



372-96 
31-08 
3-885 
1-295 
0-0647 



Poand. 
1 



Oances. 

16 
1 



Avoirdupois Weight. 

Drachms. Grains. 

256 = 7000 
16 == 437-5 
1 = 27.343 



French Grammes. 
= 453-25 
= 28 328 
1-77 



Gallon. 
1 



Pints. 

8 
1 



Imperial Measure. 

Flaidouaces. Fluldrachms. 

160 = 1280 = 
20 = 160 

1 = 8 = 

1 



Minims. 

76800 

9600 

480 

60 



Weight of Water at 62^^, contained in the Imperial Gallon^ ^c. 



Imperial gallon 
" pint 
" flnidounce 
*' flaidraclim 



tt 



minim 



Grains. 
70000 
8750 
437-5 
54-7 
0-91 



Cubic Inches contained in the Imperial Gallon^ ^c. 

Cubic Inches. 
Imperial gallon . . . = . . 277*276 






pint 
flnidounce 
flaidraclim 
minim 



29^ 



34-659 
1-732 
0-2166 
0-0036 
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FRENCH WEIGHTS AND MEASURES. 



Millimetre 

Centimetre 

Decimetre 

Metre 

Decametre 

Hecatometre 

Kilometre 

Myriometre 



measures of Length, 

English IdcIips. 

•03937 
•39371 
3-93710 
39-37100 Mil. Far. 
393*71000 = 
3937-10000 = 
39371-00000 = 4 
393710-00000 = 6 1 



Yds. 

10 
109 
213 
156 



Feet. 
2 
1' 
1 




In. 
9-7 

1 

10-2 
6 



} 



Measures of Capacity, 

English Imperial Mea.«nre. 
Gal. Pints. F. oz. F. drms. Mia. 



Cabic Inches. 



Cubic Centimetre 

or Millilitre 
Centilitre = 
Decilitre = 
Litre = 

Decalitre = 
Ilecatolitre = 
Kilolitre = 

Myriolitre = 610280-00000 = 2200 



•06102 

•61028 

6-10280 

61-02800 

610-28000 

6102-80000 

61028-00000 



= 000 






2 
22 
220 





1 
1 




7 




3 
15 
12 
1 
12 
13 





2 
3 
1 
1 

4 
6 
4 



16-3 

43 
2 

43 
16 
40 
24 

48 



Milligramme 

Centigramme 

Decigramme 

Gramme 

Decagramme 

Hecatogranime 

Kilogramme 

Myriogramme 



Measures of Weight, 
Englitih Grains. 

•0154 

•1543 

= 1-5432 

15-4323 

154-3234 = 

1543-2848 = 

= 15432-348 = 

: 154323-480 = 



Avoirdupois, 
Poua. Oun. Drm. 

5-G5 

3 8-5 

2 3 5 

22 1 2 
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Uric oxide ..... 
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potus ..... 
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sanguinis .... 
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deposits, examination of 
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microscopic examination of 
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Urine, albuminous, quantitative analysis of . 
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40 


containing albumen 






79 
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bile .... 






83 


blood 






82 


cystine 






121 


fat . 
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average composition of 
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specific gravity of . . . . 
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very handaome Svo. vol. of 33Q pagea, extra oloth, JZ 25. 

LAW80N (GEORGE). INJURIES OP THE ETE, ORBIT, AND EYE- 
LIDS, with about 100 illustrations. From the lut Engliab edition. 
In one handaome Svo. vol., extra cloth. %Z 50. 

LDDLOW [J. L.) A MANUAL OF EXAMINATIONS UPON ANA- 
TOMY, PHYSIOLOGY, SURGERY, PRACTICE OP MEDICINE, 
OBSTETRICS, MATERIA MEDICA, CHEMISTRY, PHARMACY, 
AND THERAPEUTICS. To which is added a Medioal Formulaiy. 
Third edition. In one royal 12mo. vol. of over BOO pages, extra 
oloth, 13 25 ; leather, $3 75. 
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LATCOCK (TH0MA8I. LECTDRE3 ON THE PRINCIPLES AND 
METHODS OF MEDICAL OBSERVATION AND RESEARCH. " 
one J2mo. vuL., extra cloth, SI- 

LTOKB (BOBEBT D.) A TREATISE ON FEVEB. In ooe neitt 8ia. 
vol- of 302 pages, eitra oloth, $2 35. 

MABSHALL (JOHN). OUTLINES OF PHTStOLOOT, nuMAN 
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MACLI8E (JOBEPH). BDROICAL ANATOMY. In one largB Im- 
perial quarto vol. , Kith GB splendid platen, beantitullf oIoTod -, son- 
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MEIGS (DHAS. D,) OBSTETRICS. THE SCIENCE AND THE ART. 
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printed 8vo. vol. of 760 pages, extra oloth, fS fiO ; leather. $« SO. 
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THE PRACTICE OP SDBUEKT. Fonrth Amerioan, from tlie 
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ODLIKG IWILLIAM). A COORSE OF PRACTICAL CHEMISTRY 
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ttationa, eitra cloth, $2. iLaiiln iiuitd.) 
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PAEBISH (H)WAaDl. A TREATISE ON PHARMACY. With many 
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on Military Surgery. In one hi^ndsome royal 12mo. vol. of nearly 
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SMITH (J. LEWIS.) A TREATISE ON THE DISEASES OF IN- 
FANCY AND CHILDHOOD. Second edition. {Now ready.) In 
one large Sto. Tolume of over 700 pages, cloth, $5 ; leather, $6. 

SHARPEY (WILLIAM) AND QUAIN (JONES AND RICHARD). 
HUMAN ANATOMY. With notes and additions by Jos. Leidy, 
M.D., Prof, of Anatomy in the University of Pennsylvania. In two 
large 8to. toIs. of about 1300 pages, with 51 1 illustrations, extra cl. $6. 

SKEY (FREDERIC C.) OPERATIVE SURGERY. In one 8to. toI. 
of over 650 pages, with about 100 wood-cuts, cloth, f3 25. 

SLADE (D. D.) DIPHTHERIA ; ITS NATURE AND TREATMENT. 
Second edition. In one neat royal 12mo. vol., extra cloth, $1 25. 

SMITH (^ENRY H.) AND HORNER (WILLIAM E.) ANATOMICAL 
ATLAS, niustrative of the structure of the Human Body. In one large 
imperial 8vo. vol., with about 650 beautiful figures, extra cloth, $4 50. 

SMITH (EDWARD). CONSUMPTION; ITS EARLY AND REME- 
DIABLE STAGES. In one 8vo. vol. of 254 pp., extra cloth, $2 25. 

STILLE (ALFRED). THERAPEUTICS AND MATERIA MEDICA. 
Third edition, revised and enlarged. In two large and handsome 
8vo. vols., extra cloth, $10; leather, $12. 

SALTER (H. H.) ASTHMA ; ITS PATHOLOGY, CAUSES, CONSB- 
QUENCES, AND TREATMENT. In one volume 8vo., extra cloth, 
$2 50. 

SCHMITZ AND ZUMPT'S CLASSICAL SERIES. In royal 18mo. 
CORNELII NEPOTIS LIBER DE EXCELLENTIBUS DUCIBUS 
EXTERARUM GENTIUM, CUM VITIS CATONIS ET ATTICL 
With notes, ka. Price in extra cloth, 60 cents; half bound, 70 cts. 

C. I. CiESARIS COMMENTARII DE BELLO GALLICO. With notes, 
map, and other illustrations. Price in extra cloth, 60 cents; half 
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C. C. SALLUSTII DE BELLO CATILINARIO ET JUGURTHINO. 
With notes, map, ka. Price in extra cloth, 60 cents ; half bound, 
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With notes, map, ka. Price in extra cloth, 80 cents; half bound, 
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ECLOGJS EX Q. HORATII FLACCI POEMATIBUS. With notea, 
k<*. Price in extra cloth, 70 cents; half bound, 80 cents. 

ADVANCED LATIN EXERCISES, WITH SELECTIONS FOR 
READING. Revised, with additions. Extra cloth, price 60 cents; 
half bound, 70 cents. 
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MEMOIRS OF ELIZABETH, SECOND QUEEN REGNANT OF 
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TANBEB (IHOHAS HAWKEB). A MANUAL OP CLINICAL MEDI- 
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lion. 1 yol, 8io. (Frepunng.) 
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rrnOHPSON (SIB HEHEY). clinical lectures on DISEASES 
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THE PATHOLOGY AND TREATMENT OF BTEICTUEE 01 
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WALES (PHILIP 8.) MECHANICAL THERAPEUTICS : A Prac- 
tioal Treatise on Surgical Apparatus, Appliances, and Elementary 
Operations ; embracing Minor Surgery, Bandaging, Orthopraxy, and 
Treatment of Fractures and Dislocations. In one large 8vo. vol. of 
about 700 pages, with 642 illustrations on wood, extra cloth, $5 75 ; 
leather, $6 75. 

TlirELLS (J. 80ELBER6). A TREATISE ON THE DISEASES OF 
f f THE ETE. Edited with additions by I. Minis Hays, M. D. In one 
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cloth, $9 ; leather, $11. 

TirrEST (CHABLE8). LECTURES ON THE DISEASES PECULIAR 

f f TO WOMEN. Third American from the Third English edition. In 

one octavo volume of 550 pages, extra cloth, $3 75 ; leather, $4 75. 

— LECTURES ON THE DISEASES OF INFANCY AND CHILD- 

HOOD. Fourth American from the fifth revised English edition. In 
one large 8vo. vol. of 656 cl«sely printed pages, extra cloth, $4 50 ; 
leather, $5 50. 

ON SOME DISORDERS OF THE NERVOUS SYSTEM IN 

CHILDHOOD. From the London Edition. In one small 12mo. 
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AN ENQUIRY INTO THE PATHOLOGICAL IMPORTANCE 
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WILLIAMS (CHARLES J. B.) PRINCIPLES OF MEDICINE. A 
new American from the third revised London edition. In one Svo. 
vol. of about 500 pages, extra cloth, $3 50. 

WILLIAMS (C. J. B.) PULMONARY CONSUMPTION: ITS NA- 
TURE, VARIETIES, AND TREATMENT. In one neat octavo 
volume. Cloth, $2 50. {Now ready.) 

WILSOK (ERASMUS). A SYSTEM OF HUMAN ANATOMY. A 
new and revised American from the last English edition. Illustrated 
with 397 engravings on wood. In one handsome 8vo. vol. of over 
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INSLOW (FORBES). ON OBSCURE DISEASES OF THE BRAIN 
AND DISORDERS OF THE MIND. In one handsome 8vo. vol. 
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OHLER'S OUTLINES OF ORGANIC CHEMISTRY. Translated 
from the 8th German edition, by Ira Remsen, M.D. In one neat 
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